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Abstract 


The  results  of  the  study  include  biological  and 

swimming  performance  data  for  northern  pike  ( Esox  lucius ) 

and  white  sucker  ( Catastomus  commerson i i ) ,  collected  at 

Driedmeat  Lake  (52°  47'  N.  Lat. ,  112°  43'  Long.)  and  Steele 

Lake  (54°  37’  N.  Lat.,  113°  47’  Long.)  and  an  evaluation  of 

their  swimming  performance  in  the  step  and  pool  ladder 
% 

located  at  Steele  Lake. 

Northern  pike  (30  -  45  cm  in  length)  exhibited  burst 
speeds  of  3.3  m/s  over  a  distance  of  2.4  m.  Exit  velocities 
ranging  from  3.1  to  4.4  m/s  were  calculated  for  observed 
jumps  out  of  the  water.  Pike  (40  -  50  cm)  were  found  to 
navigate  a  12.4  m  long  culvert  with  bottom  exit  velocities 
of  0.8  m/s. 

White  sucker  (35  -  47  cm)  exhibited  speeds  of  up  to  2.2 
m/s  over  2.4  m,  and  1.9  m/s  over  a  distance  of  2.5  m. 

Both  species  demonstrated  the  ability  to  navigate  a 
step  and  pool  fishladder  under  streaming  flow  conditions, 
and  critical  nappe  velocities  of  up  to  3.0  m/s.  One  pike 
(approx.  50  cm)  was  observed  to  maintain  its  position  within 
a  weir  flow  of  1.20  m/s  for  at  least  10  s.  The  burst  speed 
capability  and  performance  of  the  pike  within  the  ladder  was 
superior  to  that  of  the  white  sucker. 

Although  both  species  were  largely  successful  in  moving 
through  the  step  and  pool  fishladder  (once  they  were  in  it), 
maintenance  problems  were  encountered  with  this  ladder. 
Ensuring  fish  passage  under  the  majority  of  conditions 


IV 


experienced  in  this  study  required  constant  maintenance.  A 
list  of  recommended  design  changes  for  the  Steele  Lake 
ladder  are  provided. 
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Glossary  of  Terms 


Abbreviations : 


cm  =  centimetre 

°C  =  degrees  centigrade 

D.O.  =  dissolved  oxygen 

ft/s  =  feet  per  second 

g  =  grams 

kg  =  kilograms 

L  =  litre 

lengths/s  =  lengths  per  second 
m  =  metre 

man.  =  manipulation 
min  =  minimum 

mg/1  =  milligrams  per  litre 

mm  =  millimetre 

m/s  =  metres  per  second 

oscillations/s  =  oscillations  per  second 
revs/s  =  revolutions  per  second 

Definitions: 


Anadromous  -  Species  (fish)  which  ascend  rivers  from  the  sea 
for  spawning  purposes. 

Annuli i  -  Prominent  ring-like  appearances  on  the  scale  of  a 
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fish  representing  a  series  of  closely  spaced  circulli,  (this 
is  taken  as  the  annual  period  of  slower  growth  &  hence 
annulli  are  used  to  determine  age). 

Aspsect  ratio  -  The  ratio  of  the  width  or  span  to  the  chord 
of  the  caudal  fin. 

Baffle  -  A  device  (plate,  wall,  or  screen)  used  to  deflect 
or  regulate  water  flow. 

Circulli  -  Rings  on  the  fish  scale  representing  segments  of 
growth. 

Clei thrum  -  One  of  the  supportive  bones  of  the  pectoral 
girdle,  located  immediately  posterior  to  the  operculum  and 
just  above  the  pectoral  fin. 

Cloaca  -  The  common  chamber  into  which  the  intestinal, 
urinary,  and  generative  canals  discharge  for  certain 
animals,  including  fish. 

Corrugated  steel  sheeting  -  Sheet  steel  or  iron  shaped  into 
straight  parrallel  regular  and  equally  curved  ridges  and 
hollows . 

Crest  of  the  spillway  -  That  region  just  downstream  of  the 
hydraulic  jump  where  the  flow  becomes  less  turbulent  (Fig. 

31 )  . 

Dimorphic  -  Sexually  dimorphic  characters,  or  differing 
physical  features  on  the  surface  of  the  male  and  female  of  a 
species  which  distinguish  them  compar it ively . 

Gonad  -  The  primary  sex  organs  (i.e.  testes  or  ovaries). 

Head  -  The  vertical  distance  between  the  upstream  liquid 
surface  and  the  weir  crest. 
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Headwater  -  The  body  of  water  upstream  of  the  weir. 


Hydraulic  jump  -  An  abrupt  rise  in  the  water  due  to  a  change 
from  high  velocity  to  low  velocity  flow. 

Lipid  -  A  cellular  component  which  includes  the  fats,  waxes, 
and  other  related  compounds. 

Milt  -  The  secretion  (including  the  sperm)  of  the  male 
reproductive  gland  of  fish. 

Morphometry  -  The  measurement  of  the  external  form  or 
topographic  features  of  a  lake  or  river. 

Nappe  -  The  sheet  or  jet  of  water  which  passes  over  the  weir 
crest. 

Orifice  -  An  opening  or  aperture  through  which  something  may 
pass . 

Ovaries  -  The  paired  reproductive  organs  of  the  female, 
which  produce  the  eggs. 

Salmonid  -  A  fish  species  of  the  family  Salmonidae,  such  as 
the  trout,  salmon,  whitefish,  grayling,  etc. 

Sill  -  The  upstream  head  over  the  weir  crest. 

Stop  log  -  The  timbers  used  in  a  step  and  pool  fishladder  to 
stop  or  control  water  flow  through  the  ladder. 

Streamlined  -  A  contour  or  shape  which  minimizes  resistance 
to  motion  through  water  or  by  other  fluids. 

Tailwater  -  The  level  of  water  downstream  of  the  weir. 

Target  species  -  Those  species  of  fish  (one  or  more)  of 
greatest  concern  to  the  project. 

Trash  deflector  -  A  panel  of  steel  sheeting  forming  a 
V-shaped  structure  which  is  placed  upstream  of  the 
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fishladder.  Trash  is  deflected  of  the  edges  of  the  V  (see 
Fig.  57). 

Tubercles  -  The  hard,  fleshy,  "knob-like"  protuberances  on 
the  fins  of  the  male  white  sucker,  esp.  the  anal  fin. 

Weir  -  An  overflow  structure  built  across  an  open  channel 
for  the  purpose  of  water  flow  control. 

Weir  crest  -  the  top  of  the  weir. 

% 

For  further  information  see  King,  et  al.  (1949),  Rouse 
(1961),  Woolf  (1974),  and  Weichert  &  Presch  (1975). 
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1.  Introduction 


An  evaluation  of  the  effectiveness  of  any  fishladder 
requires  an  integrated  understanding  of  the  structural 
(hydraulic)  aspects  of  the  ladder,  as  well  as  a  knowledge  of 
the  biology  of  the  fish  species  for  which  the  ladder  is 
being  designed.  The  functional  fishladder  should  be  able  to 
accommodate  the  hydrologic  changes  of  the  water  body  it  is 
in,  conform  to  the  morphometry  of  the  water  body,  provide 
easy  access  (and  movement)  for  all  species  of  fish  moving  in 
the  water  body,  and  do  all  of  these  at  a  minimum  of  cost. 

The  fishladder  of  concern  to  this  study  is  the 
so-called  "step  and  pool"  or  "pool  and  weir"  fishladder.  It 
is  one  of  the  oldest  style  of  ladders  in  existence,  and  has 
been  used  in  the  passage  of  anadromous  and  freshwater  fish 
species,  in  both  the  old  and  new  world  (Clay,  1961). 

The  original  intent  of  the  study  was  to  examine 
exclusively  the  step  and  pool  ladder  incorporated  into  the 
Driedmeat  Lake  stabilization  weir,  located  near  the  town  of 
Camrose,  Alberta  (Fig.  1).  However,  due  to  ensuing  flood 
conditions  at  that  location,  operations  were  moved  to  the 
step  and  pool  fishladder  included  in  the  Steele  Lake 
stabilization  weir,  located  at  Cross  Lake  Provincial  Park 
near  Westlock,  Alberta  (Fig.  2). 

Consequently,  the  study  resulted  in  an  accumulation  of 
biological  data  pertinent  to  northern  pike  ( Esox  lucius)  and 
white  sucker  (Catastomus  commerson i i )  populations  of  both 
these  areas. 
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Fig.  1  Driedmeat  Lake  Study  area 
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Fig 


2  Steele  Lake  study  area. 
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Although  a  variety  of  circumstantial  biological  data  is 
included  in  the  results,  the  thrust  of  the  study  involves  an 
evaluation  of  the  swimming  performance  of  these  two  species 
(particularly  pike).  Several  performance  situations  are 
analyzed,  however,  emphasis  is  placed  on  the  movements  of 
these  species  through  the  step  and  pool  ladder. 

As  stated,  in  order  to  make  a  good  judgement  on  what 
type  of  fishladder  to  install  for  a  particular  situation,  an 
understanding  of  the  fish  species  involved  is  essential.  A 
knowledge  of  the  swimming  performance  of  these  species  is 
only  one  aspect  of  a  complicated  biological  system. 

However,  such  knowledge  is  vital  to  the  rational  choice  of 
ladder  type. 
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2.  Structural  Considerations 


2.1  Characterization  and  environmental  significance  of  fish 
ladders 

2.1.1  Function  of  fish  ladders 

In  planning  the  functional  fishladder,  one  requires  the 
knowledge  of  both  engineering  and  biology  for  optimization 
of  its  design. 

Katapodis  (1981)  defined  an  effective  fishway  as  one 
which: 

"(a)  attracts  fish  and  allows  them  to  enter,  pass 
through  and  exit  the  fishway  with  mininum  delay. 

(b)  maintains  hydraulic  conditions  within  the  fishway 
channel  in  harmony  with  the  physiological  limitations 
and  behavior  of  the  species  involved. 

(c)  permits  fish  to  exit  the  structure  without  the 
danger  of  them  being  swept  back. 

(d)  accomplishes  the  above  at  a  minimum  cost." 

Devices  of  various  types  have  been  employed  to  assist 

movements  of  fish  through  or  around  obstructions  (natural 
and  manmade).  The  fish  "ladder"  or  fish  "way",  allows  the 
fish  to  ascend  under  its  own  effort.  Devices  such  as  the 
fish  "lock"  or  fish  "elevator",  however,  allow  transport 
with  a  minimum  of  effort  on  the  part  of  the  animal. 
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2.1.2  Types  of  ladders  and  their  use 

There  are  three  main  varieties  of  fish  ladders;  the 
step  and  pool  (weir),  the  denil,  and  the  vertical  slot. 
Within  each  variety  there  are  various  modifications  of  a 
basic  design. 

2. 1.2.1  Step  and  Pool 

The  step  and  pool  or  weir  style  fishway  consists  of  a 
series  of  pools  in  a  stepped  pattern  from  the  headwater  to 
the  tailwater  (Fig.  3).  The  pools  can  be  constructed  of 
natural  materials,  (such  as  cutting  and  shaping  rocks),  or 
built  of  non-native  material  such  as  concrete,  sheet  steel 
piling  and  timbers.  (Mcleod  and  Nemenyi,  1940;  Katapodis, 
1981 )  . 

Flow  through  the  ladder  is  controlled  by  a  series  of 
vertical  weirs  (separating  each  pool).  These  weirs  extend 
the  width  of  the  ladder.  Their  height  is  either  fixed  or 
adjustable . 

Fish  ascend  the  ladder  pool  by  pool,  jumping  over  or 
swimming  through  the  flow  over  each  weir.  The  fish  may 
alternate  intermittent  exertion  with  partial  resting. 

Modifications  of  this  basic  weir  design  include  the 
following: 

(1)  Addition  of  an  orifice.  These  orifices  may  be 
designed  to  accommodate  some  or  all  of  the  flow  through 
the  ladder.  In  the  former,  the  fish  can  choose  ascent 
via  the  orifice  or  over  the  weir.  This  accommodates 
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species  which  prefer  to  jump  over  a  flow  as  well  as 
those  which  prefer  to  swim  through  a  flow. 

(2)  The  chute.  This  modification  allows  flow  from  pool 

to  pool  via  a  series  of  sloping  surface  chutes.  Ascent 

is  accomplished  by  swimming  up  through  the  chute.  This 

is  an  early  design  and  it  is  no  longer  used  due  to  its 

low  success  rate. 

% 

(3)  Notched  weir.  The  notches  are  usually  staggered 
from  side  to  side  along  the  length  of  the  ladder.  This 
creates  regions  of  relatively  calm  water  within  each 
pool.  The  notched  weir  may  also  be  combined  with  an 

or  if  ice . 

Further  details  may  be  found  in  Clay  (1961); 

Mcleod  &  Nemenyi  (1940);  Decker  (1967);  and  Katapodis 
( 1981 ) . 

2. 1 .2.2  Denil 

The  basic  denil  design  consists  of  a  straight  channel 
with  a  series  of  closely  spaced  baffles  set  at  an  angle  to 
the  flow,  (Fig.  4).  This  arrangement  dissipates  the  energy 
of  the  flow  to  a  velocity  range  which  will  allow  a 
continous,  non-resting,  route  of  ascent  for  the  target 
species . 

Construction  materials  can  include  various  combinations 
of  concrete,  steel  sheeting,  aluminum  plating,  plywood,  and 
timbers. 
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Fig.  3  The  weir  or  step  and  pool  style  of  fishway.  After 
Katapodis,  1981. 


Fig.  4  The  denil  fishway.  After  Katapodis,  1981. 
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Mcleod  and  Nemenyi  (1940)  describe  the  energy 
dissipation  as  largely  attributable  to  the  "reissue  of  the 
secondary  currents  by  the  large  momentum  transfer' 
(deflecting  off  the  baffles)  'and  intense  mixing  occurring 
there . " 

The  denil  system  has  the  advantage  of  being  highly 
adaptable  to  various  cross-sectional  shapes  as  well  as  its 
ability  to  dissipate  the  energy  of  the  flow  effectively. 
Hildebrand  (1980)  points  out,  however,  the  importance  of  a 
trash  rack  in  order  to  keep  the  denil  free  of  debris,  since 
the  flow  characteristics  are  strongly  dependent  on  the 
relationship  of  the  baffle  to  the  open  area. 

Modifications  range  from  varying  the  angle,  location 
and  shape  of  the  baffles,  to  the  inclusion  of  resting  pools 
(especially  when  longer  distances  need  to  be  traversed  or 
turns  occur).  Several  derivations  of  the  original  denil 
have  been  developed  (Mcleod  &  Nemenyi,  1940)  however,  the 
two  most  popular  in  use  today  are  the  Alaska  Steeppass  model 
"A"  and  the  Denil  2  fishway  as  developed  by  the  Institution 
of  Civil  Engineers.  Notably,  the  two  models  have  opposite 
distribution  of  their  velocity  profiles.  The  steeppass 
produces  a  maximum  velocity  along  the  bottom  of  the  main 
stream,  while  the  denil  2  has  its  maximum  velocities  along 
the  top  of  the  main  stream  (Katapodis  &  Rajaratnam,  1981). 
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2. 1.2. 3  Vertical  Slot 

Essentially,  this  fishway  is  of  the  weir  type.  The 
weir,  however,  has  a  notch  on  one  or  both  sides  which 
extends  its  entire  vertical  depth  (Katapodis,  1981).  The 
modified  vertical  slot  or  Hells  gate  type  fishway  (Fig.  5) 
has  since  become  the  most  popular  of  this  variety.  Some 
advantages  (Decker,  1967)  are: 

(a)  its  ability  to  handle  a  wide  range  of  water  levels. 

(b)  its  diagonal  direction  of  flow  across  each  pool 
creating  a  backwash  effect  against  the  central  baffle, 
before  being  discharged  to  the  next  pool.  This  creates 
a  complete  dissipation  of  water  energy  within  the  pool. 
Construction  materials  usually  consist  of  reinforced 

concrete  or  plate  steel  with  timbers.  Modifications  include 
having  single  slots  on  each  weir,  as  well  as  a  staggering 
arrangement  along  the  length  of  the  fishway.  This 
staggering  creates  a  more  effective  dissipation  of  the  flow 
energy . 

The  vertical  slot  has  been  used  most  extensively  in  the 
passage  of  salmonid  species,  part icular ily  salmon.  The 
Hell’s  gate  fishway  on  the  Fraser  River,  B.C.,  is  one  of  the 
more  famous  examples.  The  design  can  been  scaled  down  to 
adapt  to  smaller  species,  such  as  trout.  (Decker,  1967). 

2. 1.2. 4  Other  fish  passage  facilities 

The  so-called  fishlocks  and  fish  elevators  are  passage 
designs  which  operate  on  the  principle  of  moving  the  fish 
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Fig.  5  Above:  Hells  Gate  Fishway,  plan  view.  After  Clay, 
1961.  Below:  Modified  single  vertical  slot  design.  After 
Decker,  1967. 
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species  over  an  obstruction  with  minimal  exertion  on  the 
part  of  the  animal. 

Fish  elevators  function  by  leading  or  collecting  fish, 
as  they  accumulate  at  the  obstruction,  into  a  transportation 
device.  Trucks,  tanks  on  rails,  and/or  large  buckets  strung 
on  a  cable  are  some  of  the  possible  devices  used  for  this 
transport . 

Such  facilities  are  in  use  in  North  America  in  order  to 
accommodate  small  salmon  runs  over  dams,  Clay  (1961). 

In  the  case  of  fishlocks  (most  popular  in  the  United 
Kingdom)  fish  enter  a  chamber  at  the  tailwater  level  of  the 
dam  (Fig.  6).  Water  fills  the  chamber  until  it  reaches  the 
level  of  the  headwater.  Fish  are  then  allowed  to  swim  out 
into  the  reservoir  of  the  dam  (Deelder,  1958).  Deelder 
argues  that  only  the  strongest  specimen  may  be  able  to 
surmount  a  conventional  fishway,  such  as  the  denil  or  pool  & 
weir.  Hence,  the  fishlock  should  perform  for  a  broader 
segment  of  the  population. 

Fish  locks  have  also  been  used  in  the  U.S.S.R.  in 
association  with  large  scale  hydroelectric  projects, 
(Nusenbaum  &  Lapitskaya,  1961;  Duizhikov,  1961).  Several 
dams  in  Russia,  however,  lack  fish  passage  facilities 
(Abdurakhmanov,  1958;  Duizhikov,  1961).  Reduction  in  fish 
populations  have,  in  the  past,  required  the  use  of 
restocking  programs  as  a  mitigating  measure  (loganzen  & 
Podlesny i ,  1  958 ) . 
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Fig.  6  Four  stages  of  an  hydraulic  fishlock  operation. 
After  Deelder,  1958. 
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Recently,  a  seasonly  operated  ( non-convent ional )  fish 
"pipe",  was  developed  by  Ducks  Unlimited  Canada,  for  use  on 
smaller  lakes  dammed  up  to  increase  water  fowl  habitat, 
(Ducks  Unlimited,  1982).  The  structure  (Fig.  7)  located  at 
Helena  Lake,  B.C.,  allows  trout  fingerlings  to  move  under 
the  dike  and  enter  the  lake  via  a  floating  pipe  containing  a 
baffle  system.  The  pipe  maintains  its  level  in  the  lake 
through  the  use -of  a  float  above  and  a  flexible  coupling  to 
the  entrance  pipe. 

2 . 1 . 2 . 5  Costs 

Fishways  have  the  highest  capital  cost,  followed  by 
fishlocks  and  then  fish  lifts.  However,  for  maintenance, 
the  order  is  usually  reversed.  (Bell  &  Hildebrand,  1979). 
Hildebrand  (1980)  cites  the  following  costs. 

(a)  For  smaller  hydroelectric  facilities,  fishladder 
costs  can  range  from  $8000  to  $20000  for  every  30.5  cm 
of  height  needed  for  passage.  Maintenance  is  estimated 
at  2  -  3%  of  the  capital  cost  annually. 

(b)  For  fishlocks,  initial  costs  may  range  from  $7000 
to  $30000  for  every  30.5  cm,  with  maintenance 
accounting  for  1  -  -5%  annually. 

(c)  Fishlifts  may  range  from  $5800  to  $30000  for  every 
30.5  cm,  with  as  much  as  1  -  14%  of  the  capital  costs 
going  for  operation  and  maintenance  annually. 
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Fig.  7 
After 


A  schematic  of  the  fishpipe 
Ducks  Unlimited,  1982. 


operation  at  Helena  Lake 
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2.1.3  History  of  fishladders 
2. 1.3.1  Applications 

An  awareness  of  the  need  for  fish  passage  facilities 
has  been  a  problem  confronting  engineers  for  hundreds  of 
years.  Fishway  construction  has  its  origins  in  Europe,  with 
the  earliest  recorded  descriptions  being  from  17th  century 
France.  However,  traditional  mill  dam  building  techniques 
in  Norway  appear  to  indicate  an  even  older  history.  (Mcleod 
&  Nemeny i ,  1  940 ) . 

It  was  not  until  1909  with  Denil's  fishladder  design 
that  an  increased  understanding  of  structural  and  hydraulic 
criteria  began  to  emerge.  To  date,  the  most  outstanding 
developments  have  been  in  two  areas: 

(1)  a  growing  awareness  of  the  hydraulics  of  fishways. 

(2)  a  better  understanding  of  the  mechanics  and 

swimming  abilities  of  some  fish  species.  (Clay,  1961). 

The  greatest  contributor  to  increased  use  of  fishways 

at  man-made  obstructions  (at  least)  has  been  public 
protest.  These  obstructions  have  led  to  dwindling  sport  and 
commercial  fisheries  in  several  inland  waters,  by  blocking 
spawning  migration. 

Laws  governing  the  implementation  of  fish  facilities  in 
Canada  are  under  Federal  jurisdiction,  with  administration 
by  the  provincial  governments  in  some  cases.  In  the  U.S., 
each  state  is  responsible  for  its  own  legislation. 

(F.H.P.G.,  1980;  Clay,  1961;  Mcleod  &  Nemenyi,  1940). 
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Of  the  growing  -number  and  types  of  fishways  constructed 
since  the  original  denil,  large  scale  projects  have 
generally  been  most  successful.  The  Bonneville  Dam  on  the 
Columbia  River,  and  the  Hells  gate  fishways  are  two  such 
cases.  In  both  instances,  the  target  species  were  the 
economically  important  salmon  group.  (Clay,  1961). 

The  stamina  ajid  sustained  swimming  ability  of  trout  and 
salmon  has  been  well  documented  by  such  authors  as 
Bainbridge  (1963),  Connor,  et  al.  (1964),  and  Brett  (1965). 

Research  dealing  with  the  passage  of  anadromous  species 
has  been  most  extensive  and  well  funded.  The  Hells  gate 
vertical  slot  baffle  was  designed  and  built  as  a  result  of 
intensive  biological  research  on  the  movements  of  Sockeye 
Salmon  ( Onchorynchus  nerka)  by  the  International  Pacific 
Salmon  Fisheries  Commission.  This  fishway  has  subsequently 
resulted  in  a  dramatic  increase  in  the  average  number  of 
salmon  which  successfully  move  up  the  Fraser  River  and 
beyond,  to  spawn. 

2. 1.3.2  Applications  in  Alberta 

Within  Alberta  there  are  presently  14  fishway 
facilities  of  one  type  or  another,  as  well  as  8  proposed 
facilities  (Table  D.1).  Essentially  all  of  these  fishways 
are  associated  with  some  kind  of  water  level  stabilization 
weir,  usually  of  the  corrugated  sheet  steel  variety.  Of  the 
14  existing  ladders,  6  are  step  and  pool,  3  are  modified 
vertical  slot  design,  and  2  are  denils  (one  steeppass  and 
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one  denil  2).  The  remaining  3  are  simply  submerged  control 
weirs,  with  or  without  a  notch  (not  a  true  ladder).  (Alberta 
Fish  &  Wildlife,  1982) 

Incidental  observations  by  regional  biologists  indicate 
that  the  success  of  these  facilities  appears  marginal  in 
most  cases  (Alberta  Fish  &  Wildlife,  1982).  The  step  and 
pool  ladders,  for  instance,  are  operational  only  under 
moderate  or  "ideal"  flow  conditions.  Even  then,  other 
factors  such  as  misplacement  of  the  ladder  or  lack  of 
attraction  water,  greatly  reduce  fish  passage  efficiency. 

The  performance  of  the  vertical  slot  and  denil  structures 
within  the  province  remains  uncertain  due  to  the  scant 
amount  of  in-field  monitoring.  However,  recent  work  at 
Fawcett  Lake  outlet  weir,  using  a  denil  2,  has  indicated  at 
least  partial  success  with  this  design,  (Halsted,  1982,  in 
prep. ) . 

A  field  inspection  of  eight  fishways  within  the 
province  by  Katapodis  in  1979  resulted  in  the  following 
comments : 

The  fishways  are  generally  poorly  designed  and 
installed.  They  are  not  functioning  properly  for  one  or  more 
of  the  following  reasons: 

"(1)  The  entrance  is  usually  too  far  downstream  and 

away  from  the  banks. 

(2)  Water  drop  per  pool  is  excessive,  resulting  in 

streaming  flow. 

(3)  The  exit  is  located  at  the  weir  and/or  in  a  high 
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velocity  zone,  thus  sweeping  fish  back  downstream  as 
they  emerge  from  the  ladder. 

(4)  Fishways  of  the  pool  and  weir  type  present 
maintenance  problems." 

The  Fisheries  Act  of  Canada  requires  that  in  streams 
where  a  development  has  resulted  in  fish  blockage,  a  fishway 
must  be  constructed  (Revised  Statutes  of  Canada,  1970). 
Furthermore,  the  proponent  is  responsible  for  the 
construction  of  the  appropriate  fishway,  as  determined  by 
the  provincial  Fish  &  Wildlife  Division  and  the  Federal 
Department  of  Fisheries  and  Oceans. 


2.2  The  Step  and  Pool  Ladder 

2.2.1  Hydraulics 

2. 2. 1.1  Flow  theory 

The  characteristics  and  pattern  of  water  flow  through 
the  step  and  pool  ladder  are  largely  a  result  of  potential 
energy  differences  between  head  and  tail  water  elevations, 
as  well  as  the  approach  velocity  of  the  incoming  water.  The 
depth  of  the  sill  is  a  result  of  the  total  energy 
differences  above  and  below  the  weir. 

This  total  head  value  is  described  by  Bernoulli's 
energy  theorem  for  the  case  of  flow  with  a  free  surface: 


Ew  =  V2/2g  +  P  +  h 
where ; 


(1) 
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Ew  =  total  head  energy 

V2/2g  =  velocity  head 

P  =  pressure  head 

h  =  geodetic  or  elevation  head 

Although  head  levels  may  fluctuate  from  weir  to  weir 

through  the  ladder,  Bernoulli's  energy  conservation  theorem 

indicates  the  total  energy  per  unit  weight  of  fluid  remains 

% 

unchanged  throughout  the  ladder,  (King  et  al.,  1949).  This 
conservation  of  energy  can  be  described  according  to  the 
equation : 

V, 2/2g  +  P  +  Z,  =  V2  2/2g  +  P+  Z2  +  HL  (2) 

where ; 

Z  =  elevations  above  a  0  datum 
HL  =  head  loss  from  weir  to  weir. 

All  other  terms  are  as  defined  previously. 

Since  the  ladder  is  open  to  the  atmosphere  the  pressure 
terms  will  cancel. 

2. 2. 1.2  Discharge 

In  most  cases,  the  basic  step  and  pool  ladder  can  be 
described  as  a  series  of  standard  suppressed  rectangular 
weirs  since  they  do  not  have  side  contractions  at  the  weir, 
(W.M.M.,  1967). 

If  the  approach  velocity  is  negligible,  discharge  over 
a  weir  of  this  type  can  be  approximated  by: 


Q  =  1 .84  L  H1 • 5 
where ; 


(3) 


« 
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Q  =  discharge  in  m3/s. 

L  =  length  of  the  weir  in  m 
H  =  head  in  m 

In  the  case  of  an  approach  velocity,  it  must  first  be 
converted  to  its  head  energy  equivalent,  using  the  formula 
for  the  velocity  of  falling  water,  (King  et  al.  1949): 

V  =  ( 2gh) 0 • 5  or  h  =  V2/2g  (4) 

where ; 

V  =  approach  velocity  (m/s) 
g  =  acceleration  due  to  gravity  (9.81  m/s2) 
h  =  head  equivalent  (m) 

This  value  is  then  incorporated  into  equation  (3): 

Q  =  1.84  L  [ (H+h) 1 • 5  -  h1 • 5 ]  (5) 

Where  all  variables  are  as  previously  defined. 

2. 2. 1.3  Free  vs.  submerged  flow 

Equations  (3)  &  (5)  describe,  approximately,  the 
discharge  for  free  flow  over  a  suppressed  weir.  The  term 
"free"  describes  the  condition  where  the  downstream  water 
surface  is  lower  than  the  elevation  of  the  crest. 

When  the  downstream  surface  is  higher  than  the  crest 
elevation,  the  weir  is  said  to  be  submerged,  and  discharge 
is  affected. 

Few  experiments  have  been  done  dealing  with  discharge 
over  a  submerged  weir.  Villemonte  (1947),  formulated  an 
equation  for  several  different  weir  types.  For  the 
suppressed  rectangular  weir,  the  equation  reads  as: 


T  '  ■'  "  -  ; 
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Q,  =  Q  (1  -  s1 .50)0.385  (6) 

where ; 

Q,  =  discharge  with  submergence. 

Q  =  theoretical  free-flow  discharge. 

S  =  submergence  ratio  (d/H),  where  d  is  the 
downstream  head,  and  H  is  the  upstream  head,  both  in 
relation  to  the  crest  elevation. 

Another  important  characteristic  of  the  submerged  weir, 
is  the  downstream  standing  wave.  This  wave  is  produced  when 
the  velocity  of  the  flow  over  the  crest  is  greater  than  that 
downstream.  This  condition  results  in  a  backing  up  effect 
(Fig.  8)  at  the  point  where  the  nappe  enters  the  downstream 
pool.  (King  et  al.,  1949). 

2.2.2  Design 

Construction  materials  which  have  been  utilized  in  the 
step  and  pool  ladder  include  reinforced  concrete,  corrugated 
steel  sheeting,  and  natural  rock.  In  most  cases,  steel 
sheeting  is  used,  due  to  its  handling,  fabrication,  and  cost 
advantages.  The  type  of  materials  used,  however,  are  largely 
dependent  on  the  bedrock  material  and  shape  of  the  stream  in 
which  the  ladder  is  to  be  placed.  (Clay,  1961). 

Wall  elevations  as  well  as  the  number  of  bays  involved, 
will  be  directly  related  to  the  range  of  headwater  and 
tailwater  elevations  at  which  the  ladder  must  operate.  Thus 
the  use  of  existing  hydrographs  is  essential  to  the 
establishment  of  these  rating  curves. 
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H  =  Upstream  head 
V  =  Approach  velocity 
P  =  Height  of  weir 
D  =  Downstream  head 
b  =  Standing  wave 
[A  -  B  =  H] 


Fig.  8  Schematic  of  the  submerged  weir.  After  King  et  al. 


1949. 
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In  designing  the  fishway,  Katapodis  (1981),  recommends 
the  following  procedure: 

"(a)  Fix  the  fish  entrance. 

(b)  Determine  fishway  type. 

(c)  Design  a  typical  fishway  section. 

(d)  Locate  appropriate  areas  for  the  exit. 

(e)  Arrange  fishway  layout  based  on  cost,  avoiding 
turns  if  possible. 

(f)  Select  the  most  economic  materials." 

2 . 2 . 2 . 1  Entrance 

Even  if  all  other  aspects  of  the  fishway  are  optimized 
in  design  and  construction,  the  fishway  will  be  a  failure, 
unless  the  entrance  is  properly  located.  The  entrance  must 
be  easily  found  by  the  fish.  Clay  (1961),  and  Katapodis 
(1981),  recommend  the  entrance  be: 

(a)  located  close  to  those  areas  of  the  stream  where 
fish  tend  to  congregate  and  move  most  often,  usually 
along  the  banks. 

(b)  aligned  with  the  crest  of  the  spillway  created  by 
the  hydraulic  jump.  The  fish  will  tend  to  follow  the 
stronger  currents  up  to  the  point  where  they  can  move 
no  further,  and  then  move  laterally  along  this  crest. 

(c)  emitting  a  large  enough  flow  that  the  fish  will  be 
attracted  to  it. 

In  the  event  that  the  entrance  cannot  be  aligned  with 
the  crest  of  the  hydraulic  jump,  Sakowicz  and  Zarnecki 
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(1954)  recommend  it  be  positioned  not  more  then  5-10  m  out 
from  the  weir  partition.  As  well,  the  entrance  should  be 
sufficiently  deep  in  the  stream  bed,  that  it  will  remain 
functional  even  during  low  flows. 

Jens  (1973)  recommends  that  the  entrance  be  placed  at 
an  elevation  low  enough  in  the  tailwater  zone  that  the  fish 
do  not  have  to  jump  more  than  20  cm.  Jens  feels  that  the 
design  of  the  fishway  itself  is  secondary  to  the  location  of 
the  entrance.  The  fishway  should  be  located  along  that  bank 
where  the  current  is  greatest.  For  example,  if  the 
stabilization  weir  were  located  at  or  upstream  of  a  bend  in 
the  river,  the  ladder  should  be  situated  along  the  outside 
shoreline  of  the  bend.  This  is  where  the  current  would  be 
greatest . 

The  use  of  an  attraction  water  pipe  is  another 
alternative  to  the  fish  attraction  problem.  Jens  advises 
that  a  pipe  carrying  water  from  the  headwater  to  the  fishway 
entrance  should  have  its  outlet  located  close  to  the  water 
surface,  either  just  above  or  below. 

When  the  pipe  is  above  the  water,  attraction  is 
accomplished  in  three  ways: 

(1)  noise  from  the  falling  water. 

(2)  increased  dissolved  oxygen  concentration  in  the 

water  flowing  away  from  the  ladder  entrance. 

(3)  increase  in  the  velocity  of  the  water  flowing  away 

from  the  ladder  entrance. 
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2. 2. 2. 2  Fishway  type 

The  type  of  fishway  selected  should  be  largely 
dependent  upon  the  physiological  capabilities  and  behavior 
characteristics  of  the  fish  species  involved.  Katapodis 
(1981),  notes  the  refusal  of  some  fish  species  such  as  the 
alewife  ( Alosa  pseudohanengus )  to  jump  over  obstacles,  or  to 
swim  through  orifices.  This  characteristic  would  eliminate 
the  step  and  pool  as  a  possible  fishway  for  this  species. 

As  well,  the  strong  dependency  of  the  weir  type  fishway 
on  stable  hydraulic  conditions  limits  its  performance.  Since 
discharge  over  the  weir  is  a  function  of  the  head  (or  H1-5), 
there  is  strong  flow  sensitivity  to  changes  in  available 
head.  For  example,  decreasing  the  head  by  50%  can  decrease 
the  discharge  by  as  much  as  35%. 

The  flow  pattern  of  the  nappe  is  easily  disrupted  by 
small  changes  in  flow.  During  periods  of  low  discharge 
(about  30  cm.  of  head)  a  plunging  flow  is  produced  (Fig. 

9a).  This  produces  a  thorough  mixing  of  the  water  in  the 
pool,  and  energy  dissipation  is  complete.  Streaming  flow 
occurs  at  higher  heads  (about  35  cm.  and  more)  with  the  flow 
being  largely  confined  to  the  surface  layers  (Fig.  9b) 
(Pretious,  et  al.  1957,  cited  in  Clay,  1961).  Little  energy 
dissipation  occurs  within  the  pools.  Fishladders  which  have 
a  turbulent  or  whirlpool  type  of  flow  through  the  bays  cause 
the  fish  to  expend  more  energy  than  when  the  flow  pattern  is 
more  steady  (Clay,  1961).  Bell  (1973)  recommends  velocities 
through  the  ladder  be  well  under  a  species  darting  speed, 
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Fig.  9  Cross  section  through  a  fishway  showing  a  plunging 
flow  pattern  (A),  and  a  shooting  or  streaming  flow 
(B).  After  Pretious,  et  al.  1957,  cited  by  Clay,  1961. 
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but  they  may  exceed  its  cruising  speed.  Average  flow 
velocities  of  0.5  m/s  through  a  pool  style  fishway  are 
suggested  by  Jens  (1973),  with  maximum  velocities  of  1.5  to 
2.0  m/s  at  the  weir  crests. 

The  vertical  slot  and  denil  fishways  have  met  with  the 
greatest  success  in  terms  of  general  fish  passage,  (Clay, 
1961;  Decker,  1967;  Katapodis,  1981).  The  appropriate 
sequence  of  behavioral  cues  can  be  vital  to  the  successful 
reproduction  of  an  animal.  Delays  in  the  timing  of  the 
spawning  migration  can  be  detrimental.  Therefore,  the  fish 
ladder  should  allow  the  quickest,  most  convenient  possible 
passage  of  the  fish.  Development  of  such  an  efficient 
ladder  may  require  the  observation  of  the  target  species  in 
a  variety  of  experimental  ladder  designs.  (Hoar,  1958). 

2. 2. 2. 3  Dimensions 

The  step  and  pool  family  of  fishways  are  among  the 
oldest  and  most  widely  used.  Traditionally,  the  pools  are 
square  to  rectangular  in  shape.  (Decker,  1967). 

Sakowicz  and  Zarnecki  (1954)  recommend  the  following 
pool  dimensions: 

“For  large  species,  such  as  salmon  ( Onchorhyrtcus  spp.) 

Length  approx.  6.0  m 

Width  approx.  3.0  m 

Depth  approx.  1-1.5  m 


-For  smaller  species 
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Length  approx.  2-3.0  m 
Width  approx.  2.0  m 
Depth  approx.  0.5-0. 8  m 

Similar  dimensions  are  recommended  by  Jens  (1973): 
Length:  2.0  m  (min) 

Width:  0.8  m 
Depth:  0.8  m  (min) 

Other  authors  such  as  Clay  and  Decker  give  similar  size 
criteria . 

The  sizing  of  pools  within  the  fishway  is  usually  based 
on  the  amount  of  energy  which  is  to  be  dissipated  by  each 
pool,  as  well  as  the  burst  speed  velocity  of  the  target 
species  (Katapodis,  1981). 

Other  factors  to  be  considered  (Mcleod  &  Nemenyi,  1940) 

are : 

(1)  the  size  of  the  migration.  If  the  ladder  is  to 
experience  periods  of  heavy  use,  such  as  during 
spawning  migrations,  it  must  be  of  sufficient  size  to 
accommodate  the  large  number  of  fish  which  will  be 
moving  through  it  at  any  one  time. 

(2)  the  average  size  of  the  fish.  Both  the  number  and 
size  are  important  here. 

Bell  (1973),  recommends  a  ratio  of  14  L/kg  of  fish  as  a 
volumetric  criterion. 
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2. 2. 2. 4  Exit 

A  common  error  is  locating  the  fishway  exit  in  a  high 
velocity  zone  and/or  in  close  association  with  the  main  weir 
wall  (Decker,  1967;  Bell,  1973).  In  this  case,  fish  are  in 
danger  of  being  swept  back  downstream  upon  emergence  from 
the  ladder.  Katapodis  (1981)  recommends  keeping  the  exit 
away  from  these  draw  down  regions,  however,  a  small  current 
should  exist  in  order  to  act  as  a  lead  for  emerging  fish. 

Also  associated  with  the  exit,  there  may  be  a  counting 
pool  and/or  trash  rack.  The  counting  pools  can  be  used  to 
evaluate  the  performance  of  the  ladder  in  terms  of  fish 
numbers  (Decker,  1967).  The  trash  rack  or  deflector  acts  to 
keep  the  ladder  clear  of  debris.  Trash  racks  must  meet  two 
requirements  in  their  design.  They  must  block  debris,  while 
continuing  to  allow  even  the  largest  fish  to  pass  through. 

In  Alberta,  for  example,  a  bar  spacing  of  15  x  30  cm  has 
been  used. 

2. 2. 2. 5  Operation 

Maintaining  proper  head  levels  over  each  weir,  is  one 
of  the  more  difficult  tasks  in  ensuring  a  step  &  pool  ladder 
will  operate  properly.  Jens  (1973)  suggests  a  sill  level  of 
15  cm  to  30  cm.  Also,  the  crest  of  the  weir  should  not  be 
submerged. 

Provided  there  is  a  proper  maintenance  schedule,  head 
manipulations  can  be  accomplished  through  the  use  of  "stop 
logs".  Stop  logs  are  generally  constructed  of  timber.  They 


L 


31 


are  portable,  in  that  they  can  be  removed  or  placed  on  the 

weir  as  required.  The  weir  may  be  constructed  entirely  of 

these  logs  (placed  one  on  top  of  the  other)  or  it  may  be 
made  of  a  permenantly  positioned  steel  sheet  on  top  of  which 
logs  may  be  stacked  as  needed. 

Work  has  been  done  by  the  U.  S.  Army  Corps  of  Engineers 

in  attempting  to  determine  the  best  shape  of  weir  crest  for 

both  fish  passage  and  water  flow,  (1957,  cited  by  Clay, 
1961).  These  shapes  include  rounded,  bevelled  and  flat 
crested  weirs  .  Clay  concludes  that  only  slight  changes  in 
flow  patterns  have  resulted  from  the  different 
shapes.  Therefore  if  one  shape  appears  to  be  more  readily 
accepted  by  a  fish  species,  in  terms  of  ease  of  passage, 
then  it  may  be  used  without  adversely  affecting  the  flow 
characteristics  of  the  ladder. 

2.2.3  History  of  the  step  and  pool 

As  mentioned,  the  weir  style  of  fishladder  is  one  of 
the  oldest  designs  in  existence  (pre-1900).  Its  hydraulics 
have  been  studied  and  found  to  be  best  for  mild  slopes  such 
as  those  encountered  at  stabilization  weirs.  (Mcleod  & 
Nemenyi ,  1 940 ) . 

Although  the  simplest  form  of  this  ladder  consists  of 
overflow  weirs  (Fig.  3),  more  commonly  the  weirs  are  notched 
or  combined  with  a  submerged  orifice,  (Decker,  1967). 

As  a  result  of  its  spill  over  type  of  flow,  the  step 
and  pool  has  been  most  successful  in  passing  the  more 
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actively  jumping  game  fish,  such  as  trout  and  salmon.  Thus 
the  behavior  or  the  fish  species  involved  is  an  important 
consideration.  Adult  salmonids  were  tested  by  Collins,  et 
al.  (1962)  for  their  ability  to  ascend  a  step  and  pool 
ladder.  The  ascent  through  the  fishway  appeared  to  be  easily 
accomplished  by  the  species.  One  specimen  ascended  a  total 
of  2027  m  over  5  days  (averaging  about  1.2  minutes  per 
pool ) . 

The  combination  of  behavioral  selectivity  and  sensitive 
hydraulic  requirements,  has  resulted  in  fewer  step  and  pool 
ladders  being  constructed  (Decker,  1967;  Katapodis,  1981). 

2.2.3. 1  Applications  in  Alberta 

The  step  and  pool  fishways  within  Alberta  are  of  the 
suppressed  rectangular  weir  variety.  The  sides  of  the  ladder 
act  as  the  ends  of  each  weir  with  little  or  no  contraction 
of  the  nappe  (the  stop  log  brackets  may  cause  some  side 
contraction  at  lower  heads). 

Historically,  the  reasoning  behind  the  use  of  the  step 
and  pool  ladder  in  Alberta  is  somewhat  obscure.  Of  the  six 
step  and  pool  ladders  presently  operating  in  the  province, 
all  were  built  during  the  1970s.  The  engineers  involved  had 
available  only  scant  information  concerning  design 
parameters  of  freshwater  fishladders.  Consequently,  much  has 
been  based  upon  the  general  opinion  of  regional  fishery 
biologists,  as  well  as  guidelines  by  authors  such  as  Clay 
(1961)  and  Bell  (1973),  which  deal  in  large  part  with  salmon 
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ladders.  Continued  use  of  this  type  of  facility  throughout 

the  70’ s  was  not  questioned  because  of  a  lack  of  information 

on  the  success  of  ladder  performance.  Recent  biological 

monitoring  studies  by  Alberta  Environment  of  existing 

facilities,  have  resulted  in  questioning  the  effectiveness 

of  the  step  and  pool  ladder  as  a  passage  facility.  (Lindner, 

1982,  person,  comm.).  "Fishways  currently  in  the  design 

% 

phase  by  Alberta  Environment  are  scheduled  to  have  temporary 
vertical  slot  and/or  denil  inserts  tested  in  them,  before 
permanent  types  are  selected.",  (Kemper,  1982.  Pers.  Comm.). 

Fawcett  Lake 

Prior  to  the  recent  conversion  to  a  denil 
fishway  (1982)  the  Fawcett  Lake  fishladder  was  of 
the  step  and  pool  variety.  The  ladder  was  divided 
into  a  series  of  10  pools  separated  by  stop  log 
weirs  (a  situation  similar  to  the  Driedmeat 
f ishladder ) . 

Minchau  (1980)  conducted  an  evaluation  of  the 
ladder  during  the  spring  of  1979.  Minchau  indicated 
that  the  species  involved  in  the  study  had 
difficulty  in  finding  the  entrance  to  the  fishway. 
White  sucker,  "appeared  to  have  no  difficulty  in 
negotiating  the  velocities",  once  they  were  in  the 
ladder,  however,  the  pike,  "were  unable  to  negotiate 
the  velocities  within  the  fishway". 
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Velocity  readings  in  the  report  indicate  that  a 
streaming  flow  existed  through  the  ladder,  with 
velocities  being  as  high  as  1.2  to  1.5  m/s  between 
weirs,  while  velocities  over  the  weirs  ranged  from 
0.7  to  1.2  m/s . 

Minchau  felt  that  a  burst  speed  estimate  for 
pike  of  0.95  to  1.35  m/s  (M.M.  Dillon  Ltd.,  1979, 
cited  by  Minchau,  1980)  over  a  distance  of  1.0  m  was 
too  high,  since  a  significant  number  of  pike  did  not 
pass  through  the  fishway. 

Gregoire  Lake 

Watters  (1980)  conducted  a  two  year  monitoring 
program  (1977/78)  of  the  step  and  pool  fish  ladder 
of  Gregoire  Lake.  The  study  was  to  determine  the 
range  of  water  velocities  through  the  ladder  which 
permitted  the  largest  number  of  fish  to  ascend. 

The  Gregoire  ladder  is  constructed  of 
corrugated  steel  sheet  piling  with  flat  sheet  steel 
weirs.  Each  weir  has  an  attached  fixed  crest  of 
sheet  steel.  The  vertical  drop  between  each  step  is 
about  15  cm.  There  are  5  pools,  each  approximately 
3.0  m  long  ,  1.5  m  wide  and  1.0  m  in  depth. 

Although  pike  was  the  major  fish  species 
involved,  five  other  species  were  present;  White 
Sucker  (C.  commerson i i ) ,  Longnose  Sucker  (C. 
catastomus ) ,  Lake  whitefish  ( Coregon i us 


%  . 


35 


clupeiformis) ,  Burbot  ( Lota  lota),  and  Arctic 
Grayling  ( T hyma 1 1  us  arct i cus ) . 

Velocities  were  measured  at  two  locations:  over 
each  step,  and  about  14  cm  above  the  bottom  of  the 
pool.  Velocities  were  manipulated  by  the  use  of  50 
mm  x  100  mm  stop  logs. 

The  results  were  somewhat  inconsistent,  but 
appear  to  indicate  that  velocity  (within  the  range 
of  0.22  m/s  to  1.05  m/s  over  the  crest)  had  little 
effect  on  either  success  rate  or  size  of  fish  that 
would  move  through  the  ladder.  Rather,  it  appeared 
variables  such  as  water  temperature . and  flow 
characteristics  were  more  highly  correlated  with  the 
number  of  fish  which  found  or  attempted  to  move 
through  the  ladder  at  any  one  time. 

Driedmeat  Lake 

A  small  amount  of  incidental  monitoring  was 
done  on  the  Driedmeat  ladder  in  1979,  as  a  result  of 
a  tagging  study  conducted  by  Rhude  (1980). 

No  velocities  or  discharge  measurements  were 
taken,  and  an  unspecified  number  of  stop  logs  were 
missing  from  the  ladder.  The  monitoring  was 
relatively  inconclusive,  except  that  some  fish  (175 
white  sucker  and  10  pike)  had  successfully  navigated 


the  ladder. 
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Role  of  Alberta  Environment 

All  fishladder  facilities  within  the  province 
have  been  designed  and/or  approved  by  the  Planning 
Division  of  Alberta  Environment.  Recently,  Planning 
Division  has  engaged  in  more  active  monitoring  of 
some  of  these  fishways.  The  results  of  the  present 
study  form  a  part  of  this  general  evaluation  of 
existing  facilities.  (Kemper,  1982,  person,  comm.). 


3.  THE  ANIMAL 


3.1  The  Hydrodynamics  and  Energetics  of  Fish  Propulsion 

3.1.1  The  movement  of  objects  through  water 

3. 1.1.1  Form  and  drag 

Drag  can  be  described  as  that  total  force  which  resists 
the  movement  of  immersed  bodies.  This  resistance  is 
attributable  either  directly  or  indirectly  to  the  influence 
of  fluid  viscosity,  or  the  resistance  of  a  fluid  to  comply 
with  angular  deformation.  The  two  main  forces  involved  in 
bringing  about  this  deformation  are  frictional  (viscosity 
gradients)  and  inertial,  (the  force  of  the  moving  object 
attempting  to  accelerate  the  static  water).  (Webb,  1975). 

Drag  and  power  requirements  for  swimming  fish  have  most 
commonly  been  calculated  by  using  rigid  bodies  of  similar 
shape.  In  some  instances,  dead  or  anesthetized  fish  have 
been  used.  (Magnan,  1930,  Brett,  1965,  cited  by  Webb,  1975). 

The  total  drag  which  confronts  a  fish  as  it  moves 
through  water  is  the  result  of  three  factors  (Gero,  1952). 

(1)  The  surface  area  of  the  fish  causes  "friction 
drag".  This  is  a  function  of  the  surface  texture  of  the 
fish  and  the  velocity  of  the  water  relative  to  the 
fish's  body. 

(2)  The  fish's  physical  configuration  causes  "form 
drag".  Depending  on  the  speed  and  shape  of  the  fish, 
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the  boundary  layer  will  begin  to  separate  (move  away 
from  the  surface  of  the  fish)  sooner  or  later  along  the 
body  of  the  fish.  This  separation  produces  a  wake 
behind  the  fish  which  exerts  an  overall  lower  pressure 
component  than  at  other  points  on  the  fish's  body. 

Thus  the  resultant  pressure  force  that  the  fish  must 
overcome  is  greater  than  if  this  pressure  differential 
did  not  exist. 

(3)  The  oscillating  motion  of  the  tail  itself  tends  to 
disrupt  the  flow  of  fluid  around  it,  adding  to  the  wake 
conditions  already  created.  The  energy  lost  as  a 
result  of  overcoming  this  added  resistance  is  referred 
to  as  the  "induced  drag". 

Webb  (1978)  identifies  form  drag  as  the  most  important 
of  these  three  forces.  The  more  streamlined  the  body,  the 
greater  the  delay  in  separation  of  the  boundary  layer. 

The  velocity  of  the  water  passing  over  the  fish  reaches 
a  maximum  at  the  point  of  greatest  body  thickness,  due  to 
the  Bernoulli  effect.  Dubois,  et  al.(1974)  established  a 
pressure  force  profile  for  the  bluefish  {Pomatomus )  from 
front  to  back  (Fig.  10).  Apart  from  an  initially  high 
positive  pressure  on  the  frontal  region  of  the  fish  (due  to 
the  opposing  forces  of  the  fish  meeting  the  water),  it  was 
found  that  pressures  were  negative  along  the  rest  of  the 
body  length  even  as  far  back  as  the  tail.  As  expected,  the 
greatest  negative  pressure  was  found  at  the  shoulder  (point 
of  greatest  thickness). 
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Note:  The  symbols  in  the  charts  correspond  to  the 
matching  symbols  on  the  diagram  of  the  fish. 


Fig.  10  Pressure  profile  along  the  length  of  a  60  cm. 
Bluefish  ,  moving  at  1.8  m/s.  After  Dubois  et  al.  1974. 
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It  has  been  found  that  the  resistance  met  by  an  inert 
fish  moving  in  water  is  about  the  same  as  that  of  a  wooden 
model,  that  is  similar  in  form  and  velocity,  (Richardson, 
1936;  Gero,  1952).  However,  resistance  to  water  flow  about  a 
live,  swimming  fish  does  not  appear  to  be  mechanically 
similar  to  either  the  inert  fish  or  the  wooden  model  (Webb, 
1975)  . 

3.1.2  The  locomotion  o£  fish 
3. 1.2.1  Gray's  paradox 

In  an  hypothesis  first  put  forward  by  Sir  James  Gray 
(see  Gray,  1957)  it  was  found  that  the  muscle  power 
estimates  required  for  the  speeds  attained  by  some  fish 
species  exceeded  the  muscle  power  which  these  species 
appeared  to  have  available  to  them.  This  phenomenon,  known 
since  as  "Gray's  Paradox"  has  been  based  on  approximations 
of  vertebrate  muscle  efficiency,  as  well  as  drag 
coefficients  of  non-living  models  (Webb,  1975). 

It  was  postulated  that  because  insufficient  muscle 
power  appeared  to  be  available  to  overcome  expected  drag  at 
such  velocities,  the  fish  must  have  certain  mechanisms 
whereby  it  can  reduce  its  drag  below  the  critical  level 
required. 

It  is  suggested  that  the  absence  of  any  noisy, 
rattling,  or  vibrating  mechanisms  favours  the  maintenance  of 
an  idealized  (less  turbulent)  boundary-layer  flow,  (Hoerner, 
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1965).  As  well,  fresh  fish  mucous  has  been  shown  to  reduce 
frictional  drag,  (Hoyt,  1975  cited  by  Webb,  1975). 

Other  possible  drag  reducing  mechanisms  include: 

(1)  body  shape,  particularly  fineness  ratio.  Torpedo 
shaped  bodies  with  a  fineness  ratio  of  4-5  appear  to  be 
most  streamlined  (Webb,  1975). 

(2)  propulsive  wave  motion  of  the  caudal  fin  area.  The 
oscillating  movement  of  the  tail  accelerates  water 
coming  in  contact  with  it.  This  may  delay  the  onset  of 
boundary  layer  separation,  to  a  point  further  down  the 
length  of  the  fish's  body  (Gray,  1957). 

(3)  conformity  of  the  skin.  It  has  been  demonstrated 
that  the  damping  effect  produced  by  the  pliable  nature 
of  a  dophin's  skin  results  in  a  reduced  drag  (Kramer, 
1960,  cited  by  Webb,  1975). 

(4)  ejection  of  kinetic  energy  (i.e.  water  from  the 
gills)  into  the  boundary  layer,  to  retard  the  onset  of 
separation  (Gray,  1968,  cited  by  Webb,  1975). 

In  general,  it  appears  that  these  drag  reducing 
mechanisms  apply  mainly  to  cruising  speeds  and  lower  level 
burst  speeds  (see  forms  of  swimming). 

Webb  (1975)  concludes  that  because  efforts  to  determine 
drag  coefficients  and  drag  reduction  mechanisms  in  fish  have 
been  done  largely  with  models  and  dead  specimens,  the 
results  of  different  studies  have  appeared  contradictory  or 
inconclusive;  the  paradox  remains  largely  unresolved. 
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3. 1.2.2  Forms  of  swimming 

The  types  of  movement  observed  in  fish  have  been  broken 
down  into  three  basic  types  (Bainbridge,  1958): 

(1)  Anguilliform  -  undulations  which  extend  down  the 
whole  length  of  the  body,  such  as  in  the  eel. 

(2)  Carangiform  -  typifying  the  "normal"  kind  of 
movement  we  see  in  most  fish.  Oscillations  occur, 
normally  over  the  posterior  1/3  of  the  body,  such  as  in 
the  pike  or  salmon. 

(3)  Ostraciiform  -  the  body  is  encased  in  a  solid  cover 
and  oscillations  are  restricted  to  a  rigid  tail  fin. 
Within  the  Carangiform  mode,  the  extent  of  the 

posterior  portion  involved  can  vary.  At  lower  speeds,  large 
amplitude,  slow  sweeping  motions  of  the  posterior  half  of 
the  body  may  be  used.  At  higher  velocities,  movement  tends 
to  become  restricted  to  the  caudal  fin  and  peduncle.  (Gray, 
1957;  Webb,  1975). 

Movement  is  accomplished  through  the  action  of  the 
tail.  The  anterior,  less  flexible,  portion  of  the  body  tends 
to  act  as  a  fulcrum  for  the  flexible  lever  like  tail  and 
peduncle  (Gray,  1957).  The  high  inertia  of  the  moving  tail 
acting  against  the  resisting  inertia  of  the  still  or 
opposing  water,  produces  two  forces.  One  force  acting 
transversly,  the  other  acting  parallel  to  the  axis  of 
movement  (Fig.  11).  The  longitudinal  force  results  in  a 
forward  movement,  while  the  transverse  force  is  largely 
absorbed  by  the  higher  resistance  of  the  body  to  a  lateral 
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Fig.  11  The  forces  exerted  on  a  fish  as  it  moves  through  the 
water.  After  Gray,  1957. 
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movement,  ( Bainbr idge ,  1958).  Lateral  flattening,  typical 
of  most  fish,  enhances  the  magnitude  of  the  inertial  forces 
(Webb,  1978). 

Evidence  suggests  that  for  most  species  no  point  of  the 
body  moves  continously  along  the  mean  line  of  progression. 
All  parts  oscillate  about  this  line  with  a  greater  or 
smaller  amplitude,  (Bainbridge,  1963). 

The  typical  movements  of  the  carangiform  fish,  as 
described  by  Bainbridge  (1963),  explain  the  streamlining 
effect  of  what  would  otherwise  be  a  much  more  intermittent 
thrust  by  the  caudal  fin.  These  characteristics  would  be: 

"(a)  to  allow  a  rapid  initial  acceleration  of  the  tail 
by  virtue  of  its  smaller  area. 

(b)  to  maintain  a  high  and  uniform  thrust  when  the 
transverse  speed  of  movement  is  falling,  by  increasing 
the  area  of  the  tail  at  that  time. 

(c)  to  facilitate  the  slowing  of  the  tail  by  this 
increased  area. 

(d)  to  add  a  minimum  of  drag  to  the  moving  body  by 
presenting  a  minimum  area  to  the  water  when  at  the 
extreme  lateral  positions  in  the  cycle  of  movement." 


Bainbridge  concludes  that  the  fish  has  active  control 
over  the  speed,  amount  of  bending  and  area  of  the  caudal  fin 
presented  during  tail  oscillation. 
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The  Carangiform  mode  of  swimming  can  be  further 
subdivided  into  three  activity  levels  (Webb,  1975): 

(1)  Cruising  or  sustained  speed  -  (maintained  for 
greater  then  200  minutes)  used  in  low  levels  of  routine 
activity,  such  as  foraging,  station  holding, 
exploratory  movements  and  territorial  behaviors. 

(2) Prolonged  or  steady  speed  -  (maintained  for  periods 
of  15  s  to  200  minutes)  used  for  active  movement  over  a 
longer  distance. 

(3) Burst  or  sprint  speed  -  (maintained  for  less  than  15 
sec.)  used  for  escape,  food  capture  and  other 
activities  requiring  high  exertion  for  a  very  short 
duration . 


Cruising  and  prolonged  speeds  can  be  characterized  by 
the  sequence  of  movements  just  described.  The  rapid 
acceleration  of  burst  speed,  however,  is  generally 
accompanied  by  more  vigorous  large-amplitude  tail 
movements.  Weihs  (1973)  describes  the  good  accelerating  fish 
as  having  a  large  tail  area  without  sacrificing  the 
slenderness  of  the  fish’s  shape.  In  this  way,  the  vortices 
shed  by  movement  become  concentrated  at  the  rear  of  the  body 
(Lighthill,  1960).  Fish  swimming  models  and  efficiency  are 
now  largely  based  on  theoretical  hydrodynamic  models,  such 
as  those  of  Lighthill  and  of  Weihs. 
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3. 1.2.3  The  rapid  start 

In  theory,  the  highest  thrust  at  a  minimum  energy  loss 
should  be  attained  when  the  tail  is  moved  at  high  speeds, 
while  the  angle  of  curvature  is  minimized.  Weihs  (1973) 
describes  the  three  stages  of  the  fast  start: 

"(1)  The  preparatory  stage  -  the  fish  changes  from  a 

stretched  out  straight  position,  into  an  L-shape. 

% 

(2)  The  propulsive  stroke  -  the  tail  is  moved 
perpendicular  to  the  heading  of  the  fish,  ending  up  in 
the  other  direction.  This  stage  is  sometimes  repeated 
several  times,  the  tail  moving  back  and  forth. 

(3)  The  final  stage  -  the  fish  settles  down  to  either  a 
normal  propulsive  rhythm,  or  returns  to  a  stretched 
configuration,  gliding  usually  at  an  acute  angle  to  the 
original  orientation." 

Weihs  feels  that  during  accelerated  or  burst  swimming, 
there  appears  to  be  no  need  for  drag  reducing  mechanisms  to 
explain  performance.  The  hydrodynamic  forces  produced  by  the 
fish  appear  sufficient  to  produce  the  short  term 
acceleration  observed. 

3. 1.2. 4  Physiology  of  swimming 

The  three  principal  demands  for  energy  within  a  fish 
are  body  maintenance,  gonadal  development,  and  muscular 
activity  used  in  locomotion.  The  energy  used  for  these 
activities  appears  to  come  from  the  breakdown  of 
intermuscular  fat  tissue.  An  excellent  review  of 
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carbohydrate  metabolism  in  fish  is  provided  by  Black  et  al. 

( 1961 ) . 

In  all  fish  groups,  muscle  contraction  occurs  serially, 
by  working  backward  along  a  connective  tissue  system 
attached  to  the  flexible  but  resistant  "backbone".  The 
addition  of  intermuscular  bones,  such  as  spines  and  ribs  add 
strength  to  the  muscle  segments  (Nursall,  1956). 

Although  the  caudal  fin  is  quite  flexible,  it  is 
supported  by  a  series  of  boney  rays  which  act  like  flexible 
girders.  These  rays  can  bend  with  a  hydrodynamic  load,  but 
at  the  same  time  they  orient  the  fin  to  oppose  the  load.  In 
this  way  the  fin  automatically  adjusts  itself  to  meeting  a 
more  constant  loading  (McCutcheon,  1970).  The  fin  can  be 
voluntarily  moved  ray  by  ray  in  a  variety  of  ways.  The  fish 
can  relax  or  extend  it,  thereby  changing  the  aspect  ratio  of 
the  fin  quite  rapidly  (Nursall,  1958). 

The  muscle  segments  (myotomes)  contain  two  basic  types 
of  muscle  fibre;  red  and  white.  Histologically,  the  red 
muscle  breaks  down  fat  (glycogen)  aerobically,  and  is 
therefore  used  in  sustained  activity  such  as  long  distance 
migrations.  White  muscle,  on  the  other  hand,  functions 
through  anaerobic  glycolysis,  and  appears  to  be  useful  in 
vigorous  short  duration  activity,  where  an  oxygen  debt  may 
be  incurred  (Bainbridge,  1958;  Brett,  1965;  Hudson,  1973; 
Beamish,  1978).  Fish  that  normally  swim  at  high  levels  of 
sustained  activity  tend  to  have  greater  proportions  of  red 
muscle  fibre,  than  those  which  are  not  as  capable  at 


.( '<  : 


- 

■ 


48 


sustained  activity. 

It  has  been  suggested  (Black,  1958)  that  the  glycogen 
reserves  of  the  muscle  are  of  greatest  importance  during 
short  spurts  of  high  activity.  The  build  up  of  lactic  acid 
due  to  an  oxygen  deficit  during  glucose  breakdown  helps  to 
explain  the  limited  duration  of  burst  speeds. 

There  is  also  evidence  to  suggest  that  more  active  fish 
species  demonstrate  an  increased  gill  surface  area,  than 
less  active  species.  This  is  accomplished  through  longer 
filament  length  and  a  larger  number  of  secondary  folds  per 
filament  (Hughes,  1966). 

3.1.3  Approaches  to  the  measurement  of  performance  in  fish 

Efforts  to  measure  the  swimming  performance  of  fish  in 
the  laboratory  have  generally  concentrated  on  sustained 
and/or  prolonged  levels  of  activity,  (Jones,  1973;  Brett, 
1965;  Bainbridge,  1960). 

Burst  levels  of  performance  are  much  more  difficult  to 
measure  experimentally  due  to  the  inconsistency  of  the 
response  level  that  is  produced.  As  Fry  (1958)  pointed  out, 
"Experimental  laboratory  determinations  of  swimming 
performance  are  subject  to  the  establishment  of  conditions 
that  will  consistently  evoke  the  maximum  or  'normal' 
response  from  the  animal.". 

The  swim  chambers  that  have  been  used  to  measure 
sustained  performance  in  fish  can  be  grouped,  broadly,  into 
one  of  two  categories: 
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(1)  the  chamber  itself  is  rotated  (Fig.  12a). 

(2)  water  is  pumped  through  a  stationary  cylindrical 
chamber  (Fig.  12b) 

Although  these  chambers  have  been  useful  in  helping  to 
establish  the  present  level  of  knowledge  concerning 
sustained  performance  levels  of  various  species,  several 
design  problems  exist.  Some  of  these  include  (Jones,  1973; 
Beamish,  1 978 ) : 

(1)  motivational  stimulus.  Mechanical  prodding  as  well 
as  an  electrified  grid  have  been  used  in  order  to 
motivate  swimming. 

(2)  wide  flucuations  in  velocity  profile  and  drag 
effects  on  the  fish  depending  on  dimensions  and  flow 
conditions  in  the  chamber. 

(3)  conditioning  and  orientation  of  the  fish  to  the 
chamber . 

(4)  extended  exposure  of  the  fish  within  the  vessel  as 
velocity  increases  incrementally.  This  allows  lactic 
acid  build  up  over  time. 

Jones  (1973)  performed  a  field  and  laboratory 
evaluation  of  the  sustained  swimming  performance  of  several 
fish  species  from  the  Mackenzie  River  system.  The  problem 
for  several  of  the  species  was  the  lack  of  a  consistent 
response  for  any  one  size  class.  Regression  plots  revealed 
a  wide  scattering  of  results  (in  several  cases),  and  a  poor 
correlation  between  length  and  sustained  velocity. 
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Fig.  12  A:  Rotating  chamber  design.  After  Beamish,  1978. 
B:  Stationary  chamber  design.  After  Brett,  1964. 
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3. 1.3.1  Burst  performance 

Gray  (1957)  and  Bainbridge  (1958)  did  similar 
experiments  using  the  rotating  style  fish  chamber,  in  trying 
to  establish  a  generalized  formula  for  maximum  swimming 
speeds  of  fish. 

Both  authors  established  a  positive  relationship 
between  length  and  attainable  speed,  and  between  tail  beat 
frequency  and  attainable  speed.  However,  an  inverse  relation 
was  found  between  length  and  tail  beat  frequency.  Although 
smaller  fish  generally  were  able  to  beat  their  tails  faster, 
the  larger  fish  were  able  to  move  a  greater  distance  with 
each  tail  beat,  resulting  in  an  overall  greater  measured 
speed.  On  the  basis  of  these  relationships  a  generalized 
maximum  speed  on  the  order  of  10  times  body  length  per 
second  was  proposed. 

Bainbridge  also  generalized  maximum  attainable  velocity 
by  the  formula: 

V  =  1/4[L(3F-4) ]  (7) 

Where : 

V  =  speed  (maximum)  cm/s 

L  =  length,  cm 

F  =  frequency  of  the  tail  beat,  oscillations/s 

Maximum  speed  estimates  for  various  species  have  been 
summarized  by  Beamish  (1978)  who  suggested  a  performance 
maximum  of  20  lengths  per  second  for  some  species,  such  as 
the  Alewife  ( Pomolobus  pseudoharengus) .  Wardle  (1975) 
indicated  speeds  of  up  to  26  lengths/s  for  10  cm.  sprots 
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( Clupea  sprattus)  based  on  video  recordings.  Bell  (1973) 
indicated  burst  performance  to  be  about  6  times  the  cruising 
speed.  Hildebrand  (1980)  gives  8  lengths/s  as  a  burst  speed 
criterion  for  fish. 

Notably,  if  Beamish's  summary  table  of  burst  speeds 
(See  table  4,  pgs.  118  -  121  of  Beamish,  1978)  is  analyzed 
by  plotting  maximum  burst  speed  against  maximum  length,  the 
regression  established  is  fairly  linear  (r  =  .82),  with 
burst  speed  being  quite  closely  approximated  by  ten  times 
the  length  (Fig.  13). 

Also,  if  the  shape  of  a  species  is  compared  with  the 
burst  speed  it  can  attain,  it  will  generally  approximate  one 
of  the  six  shapes  outlined  in  Fig.  14.  Species  such  as  the 
eel  ( Anguilla )  and  flatfish  (PI euronectes)  exhibit  the 
poorest  performance,  the  suckers  and  minnows  (Cyprinnids) 
being  intermediate,  and  the  barracuda  (Sphyraena  barracuda ) 
and  tuna  ( Thunnus )  demonstrating  the  greatest  speeds.  Such  a 
relationship  is  strongly  dependent  on  size.  If  velocity  is 
measured  in  terms  of  body  lengths  per  second,  a  different 
ordering  sequence  occurs.  If  the  species  are  arranged  by 
sustained  swimming  ability,  a  different  order  results 
again . 

Short  duration,  high  speed  sprints  are  more  associated 
with  the  work  required  to  overcome  the  inertia  of  the  body 
mass,  rather  than  boundary  layer  drag  (Webb,  1975).  The 
energy  required  to  move  the  long  cylindrical  shaped  body  of 
the  pike  or  barracuda  is  lower  than  in  the  case  of  the 
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Y  =-48.1+  1 1.3  X 
r2r6  8.5% 


Fig.  13  Plot  of  measured  burst  speed  performance  vs. 
specimen  length  for  various  species  of  marine  and  freshwater 
fish.  See  also  Table  4  of  Beamish,  1978. 
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Salmon 

(Onchorynchus) 


Pike 

(Esox) 


Barracuda  Tuna 

(Sphyraana)  (Thunnusi 


Note:  Burst  speed  performance  (in  terms  of  distance  per 
second)  increases  from  left  to  right. 


Fig.  14  Various  fish  shapes  arranged  according 
speed  performance.  See  also  Table  4  of  Beamish 
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shorter  elliptical  shaped  bodies  of  the  carp  ( Carpiodes )  or 
sucker . 

There  appears  to  be  an  ideal  temperature  for  maximum 
performance  in  sustained  speeds  (usually  10-15°C).  Burst 
performance,  however,  exhibits  no  apparent  relationship  with 
temperature  (Blaxter  &  Dickson,  1959,  cited  by  Beamish, 

1978) . 

Dissolved  oxygen  concentrations  can  result  in  a  60% 
reduction  in  sustained  swim  performance  when  at  only  33% 
saturation,  (Bell,  1973).  However,  burst  speed  performance 
is  not  so  dramatically  affected  (Webb,  1975),  apparently  as 
a  result  of  its  dependancy  on  anaerobic  glycolysis. 

3. 1.3. 2  Pike  and  sucker  performance 

One  of  the  earliest  recorded  estimates  of  burst  speed 
in  pike  appears  to  be  the  value  given  by  Stringham  (1924), 
based  on  the  running  speed  of  a  person  attempting  to  spear  a 
pike  of  unknown  length.  Stringham  estimated  the  speed  of 
the  fish  at  between  3.5  and  4.5  m/s.  Magnan  (1930)  reports 
a  maximum  speed  of  1.5  m/s  for  a  38  cm.  pike.  Lane  (1941) 
estimated  the  speed  of  a  hooked  pike  of  unknown  size,  at 
between  5.9  and  13.7  m/s  (by  measuring  the  length  of  line 
taken).  Gray  (1953,  cited  by  Beamish,  1978)  recorded  a 
swimming  speed  of  2.1  m/s  for  a  16.5  cm  pike. 

Ohlmer  &  Schwartzkopf f  (1956)  timed  8  pike,  averaging 
40  -  44  cm.,  as  they  moved  between  markers  placed  10  m 
apart.  Average  velocities  of  2.7  m/s  were 
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recorded.  Observations  indicated  that  initial  velocities 
were  highest  and  then  declined  in  the  latter  stages  of  the 
10  m  sprint. 

Jones  (1973)  estimated  sustained  speed  for  pike  of  any 
length  according  to  the  equation: 

V  =  4.9  L° • 5  5  (8) 

where: 

V  =  critical  sustained  velocity,  cm/s 
L  =  fork  length  (cm.) 

Dryden  &  Jessop  (1974)  observed  "larger"  pike  to  pass 
through  a  65  m  long  culvert  with  centre  line  velocities 
ranging  from  0.9  to  1.6  m/s.  Observations,  however, 
indicated  that  most  of  the  pike  which  attempted  the  culvert 
failed. 

Due  to  the  lack  of  consistency  in  both  sustained  as 
well  as  burst  speed  estimates,  the  swimming  capabilities  of 
the  pike  remain  largely  uncertain. 

Studies  on  fast  start  performance  done  by  Weihs  (1973) 
and  more  recently  Webb  (1978  &  1980)  point  out  that  the  pike 
is  capable  of  extremely  high  initial  acceleration  rates,  up 
to  50  m/s2.  Weihs  attributes  this  ability  to  the  elongate 
shape  of  the  species  and  the  large  surface  area  produced  by 
the  caudal  fin  and  the  posteriorly  located  dorsal  and  anal 
fins  (Fig.  14).  It  would  appear  that  burst  swimming 
followed  by  a  gliding  motion  (a  characteristic  typical  of 
.pike)  is  a  very  efficient,  energy  saving,  mode  of  fast 
swimming,  (Weihs,  1974). 


■ 

1 


57 


Webb  observed  the  fast  start  kinematics  of  seven 
species  of  fish,  including  an  Esox  hybrid  species.  The 
pattern  of  the  movement  was  similar  to  that  outlined  by 
Weihs  (see  the  rapid  start).  The  velocity  increased  through 
the  fast  start  and  reached  a  maximum  at  the  end  of  stage 
2.  Observations  covered  extremely  small  time  periods 
(fractions  of  a  second)  and  therefore  burst  speed  velocity 
estimates  could  be  misleading  (Webb,  1982,  person,  comm.). 

The  extremely  limited  economic  importance  of  sucker 
species  such  as  C.  commersonii,  have  resulted  in  even  less 
performance  data  than  in  the  case  of  the  pike.  Western 
suckers  ( Catastomus  occidental  is)  were  observed  by  Wales 
(1950)  attempting  to  swim  up  a  culvert  with  a  flow  averaging 
about  2.5  m/s.  Ten  specimens  (approx.  30  -  35  cm  in  length) 
attempted  the  flow,  all  failed.  However,  from  the  distances 
attained,  Wales  estimated  an  overall  burst  speed  of  between 
3.0  -  3.4  m/s . 

A  cruising  speed  of  0.6  m/s,  sustained  speed  of  1.7 
m/s,  and  burst  speed  of  3.0  m/s  have  been  cited  for  30  -  40 
cm  white  sucker  by  Bell,  1973.  Long  nose  sucker  appear  to 
have  similar  swimming  abilities  to  that  of  the  white  sucker 
and  western  sucker  (Jones,  1973). 
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4.  Objectives 

The  objectives  of  the  present  study  are  summarized 
below . 

(1)  To  evaluate  observations  made  on  pike  and  white 
sucker  swimming  performance.  These  two  species  were 
observed  in  several  situations.  These  situations  are 
discussed  individually  and  collectively  in  order  to 
provide  a  partial  assessment  of  the  swimming  ability  of 
these  fish,  specifically  of  their  burst  speed 
capabilities. 

(2)  To  perform  an  evaluation  of  the  effectiveness  of 
the  step  and  pool  fishladder  in  allowing  the  passage  of 
pike  and  white  sucker.  Various  flow  conditions  through 
the  ladder  were  manipulated,  in  order  to  assess  ladder 
performance  for  various  fish  sizes  (lengths). 

(3)  To  provide  recommendations  for  possible 
improvements  to  the  ladder,  based  on  this  authors 
evaluation  of  the  ladder,  and  the  performance  of  the 
two  species  using  the  ladder. 

In  the  pursuit  of  these  objectives,  a  variety  of  other 
pertinent  biological  data  were  collected  for  these  fish. 
These  data  are  briefly  discussed. 
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5.  Methodology 


5.1  Procedures 

5.1.1  Fish  sampling 

5. 1.1.1  Live  sampling 

% 

All  fish  captured  were  held  in  70  L  heavy  duty  plastic 
tubs  to  await  handling. 

Fish  were  sized  by  fork  length  using  a  standard  wood 
measuring  board  graduated  in  mm  (see  Lagler,  1968,  pg.  40). 
In  instances  where  an  animal  proved  difficult  to  handle,  it 
was  first  placed  in  an  elongate  clear  plastic  bag. 

Due  to  a  lack  of  distinctive  sexual  dimorphism,  pike 
were  sexed  by  expressing  each  animal  for  milt  or  eggs.  The 
thumb  and  forefinger  were  gently  pressed  against  the 
latero-ventral  edges  of  the  fish  and  directed  posteriorly 
from  about  the  midregion  to  the  cloaca.  The  fish  was  placed 
in  an  upside  down  posture  and  tilted  posteriorly  for  this 
procedure . 

White  suckers  were  sexed  as  male  by  the  presence  of 
breeding  fin  tubercles  on  the  fins,  or  females  by  the 
absence  of  such  tubercles.  Each  animal  was  also  expressed 
in  an  attempt  to  confirm  these  sexually  dimorphic 
characters . 

Sexual  condition  was  classified  in  the  following 
groupings : 


59 


■ 


. 


60 


(1)  Ripe  -  If  gonadal  products  (milt  or  eggs)  were 
easily  displayed  with  little  pressure. 

(2)  Expressing  -  If  gonadal  products  were  displayed, 
but  in  smaller  quantities  and  with  more  difficulty. 

(3)  Spent  -  If  very  little  gonadal  product  was 
displayed. 

(4)  Non-ovulated  -  In  the  case  of  female  white  suckers, 
if  it  was  apparent  by  the  condition  of  the  specimen 
that  its  gonads  were  full,  but  no  eggs  were  displayed. 

Weights  were  taken  on  every  second  or  third  fish, 
of  each  species,  using  a  pan  balance.  Specimens  were 
generally  weighed  to  the  nearest  10  g. 

Scales  were  removed  from  every  second  or  third 
fish  for  aging  purposes.  A  fine  tip,  needle  nose, 
tweezer  was  used  for  extraction  of  two  to  three  scales 
from  the  left  side  just  above  the  lateral  line,  and 
slightly  in  front  of  the  dorsal  fin. 

Each  fish  was  tagged  with  a  "Floy"  anchor  tag 
("spaghetti  tag").  A  "Dennison"  Mark  II  tagging  gun 
was  used  to  anchor  the  tag  into  the  dorsal  musculature, 
anterior  and  slightly  lateral  to  the  dorsal  fin  on  the 
left  side. 

At  the  Driedmeat  Lake  site,  pike  were  tagged  with 
florescent  red  tags,  marked  as  Alberta  Environment 
property,  and  displaying  a  six  digit  number  prefixed  by 
the  letter  "B"  (series:  B000001  -  B000396).  White 
sucker  were  tagged  with  a  white  tag  marked  as  Alberta 
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Fish  &  Wildlife  property,  and  displaying  a  five  digit 
number  prefixed  by  the  letter  "R"  (series:  R02210  - 
R02499 ) . 

At  Steele  Lake,  all  fish  were  tagged  with  the 
florescent  red  tags  (series:  B000397  -  BO0 1119). 

After  handling  procedures,  each  fish  was  placed  in 
a  recovery  tub  (of  the  type  described  above)  for  3-5 
minutes,  before  being  released. 

5. 1.1.2  Destructive  sampling 

Fish  that  were  to  be  destructively  sampled  were  first 
put  through  all  live  sampling  procedures  (except  tagging) 
before  being  killed.  Specimens  were  killed  by  a  blow  to  the 
base  of  the  skull. 

The  body  cavity  was  cut  open  to  confirm  sexual 
condition.  The  males  identifiable  by  the  solid, 
non-granular ,  texture  of  the  gonads  (white  in  color  if  ripe 
and  red  when  spent).  The  females  having  granular  sac-like 
ovaries,  containing  eggs  when  ripe  and  light  yellow  (sucker) 
or  light  pink  (pike)  in  color  ,  when  spent. 

The  cleithrum  was  also  dissected  out,  in  the  case  of 
the  pike,  for  age  confirmation  purposes. 

A  total  of  10  pike  and  10  sucker  were  destructively 
sampled  from  the  Driedmeat  area.  At  Steele  Lake,  30  pike 
and  5  sucker  were  killed.  (Tables  C.1  &  C.2). 
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5.1.2  Aging 

The  cleithra  removed  from  the  pike  were  boiled  in 
water,  to  remove  remaining  flesh,  then  allowed  to  dry  before 
being  aged.  Aging  of  the  cleithra  proved  difficult  due  to 
an  excessive  amount  of  lipid  material  within  the  bone.  The 
cleithra  were  placed  in  an  acetone  solution  (at  room 
temperature)  for  15  -  30  minutes,  in  an  attempt  to  clear 
them  (Mackay,  1982,  person,  comm.). 

Most  of  the  aging  work  done  was  by  scale  reading.  Two 
to  three  scales  from  each  sample  were  placed  along  an 
acetate  slide.  Acetone  was  then  applied  to  the  four  corners 
of  the  slide,  and  a  second  acetate  slide  placed  on  top  to 
flatten  out  the  scales  (the  top  slide  being  fused  to  the 
bottom  by  the  acetone). 

The  prepared  slides  were  then  placed  under  a  dissecting 
microscope  and  the  scales  aged  by  counting  annulli.  Due  to 
the  difficulty  in  distinguishing  the  actual  first  year 
annulus,  the  first  annulus  seen  was  generally  counted  as 
year  2.  Annulli  were  then  counted  sequentially,  out  from 
this  point.  For  the  outermost  circulli,  a  complete  year  was 
not  given  unless  a  definite  trend  toward  annulus  formation 
was  observed,  or  if  some  distance  between  the  last  annulus 
and  the  outside  border  of  the  scale  was  present. 

Further  details  of  this  procedure  are  provided  by  Tesch 


(  1968)  . 
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5.1.3  Physical/chemical  parameters 

Temperature,  conductivity,  and  dissolved  oxygen  were 
monitored  at  both  the  Driedmeat  and  Steele  Lake  locations. 

Temperature  and  dissolved  oxygen  readings  were  acquired 
using  a  Yellow  Springs  Instruments  (YSI)  model  54A  D.O. 
meter.  The  instrument  was  calibrated  by  adjusting  the  meter 
to  saturation  value  for  the  appropriate  temperature  and 
atmospheric  pressure  of  the  site  concerned.  The  probe  was 
then  placed  in  the  water  and  allowed  to  acclimate  by  gentle 
agitation.  Dissolved  oxygen  was  read  off  the  scale  in 
mg/L.  Temperature  was  read  off  the  same  scale  in  °C. 

Conductivity  was  measured  using  a  YSI  model  33,  S-C-T 
meter.  Calibration  was  done  using  a  standard  0.01  M  KC1 
solution.  Specific  conductance  was  read  off  the  scale  in 
micromhos/cm. 

5.1.4  Velocity  readings 

Two  different  instruments  (Plate  1)  were  used  for 
determination  of  water  velocities: 

(1)  Price  model  AA  current  meter  -  This  instrument  is 
placed  in  the  flow  with  the  wheel  facing  into  the 
current.  The  wheel  holds  a  contact  chamber  which 
translates  each  revolution  (or  every  fifth  revolution) 
of  the  wheel  into  an  electrical  signal  that  is  heard  as 
a  "tick"  by  the  operator  through  a  headset.  (Further 
details  are  provided  in  W.M.M. ,  1967,  pg.  122). 

(2)  Cushing  model  611  — P  water  current  meter  converter- 
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Plate  1  Instruments  used  in  measurement  of  water  velocities: 
Price  model  AA  current  meter  (right);  Cushing  model  6 1 1  —  P 
water  current  meter  converter  (left). 
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The  instrument  consists  of  two  separate  parts.  A 
camber  shaped  wading  rod  (approx.  20  cm  long  by  5  cm 
wide)  is  connected  to  a  readout  meter  via  a  15  m  long 
cord.  The  rod  is  placed  upright  into  the  flow  (so 
water  passes  smoothly  over  the  cambered  surface).  The 
velocity  is  then  read  directly  off  the  meter  in  ft/s. 
These  readings  were  later  converted  to  m/s. 

Both  meters  were  calibrated  at  known  flume  velocities 
in  the  T.  Blench  Hydraulics  laboratory  of  the  Department  of 
Civil  Engineering,  University  of  Alberta.  Conversion  to 
m/s,  for  the  Price  meter,  was  found  to  be  related  to  0.67 
times  the  number  of  wheel  revs/s.  • 

5.1.5  Head  measurements 

Head  levels  over  each  weir  within  the  fishladder  (at 
both  Driedmeat  and  Steele  Lakes)  were  recorded  on  a  regular 
basis.  The  top  of  the  fishladders  were  determined  to  run  in 
a  level  plane,  and  therefore  were  utilized  as  the  zero  datum 
for  all  head  measurments.  A  meter  stick  (graduated  in  mm) 
was  used  to  establish  the  distance  from  the  zero  datum  to: 

(a)  the  water  surface  at  the  half  way  point  within  each 
bay . 

(b)  the  top  of  each  weir. 

Subtraction  -of  the  former  from  the  latter  gave  the  head 
(Fig.  8) . 
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5.2  Field  Study 

5.2.1  Driedmeat  Lake 

The  Driedmeat  lake  stabilization  weir  is  constructed  of 

corrugated  steel  sheet  piling.  The  weir  was  installed  in 

1974  by  Alberta  Environment,  in  order  to  stabilize  lake 

levels  and  optimize  recreation  potential,  (Melnychuk  & 

% 

Galatuik,  1973).  The  fishladder  was  incorporated  into  the 
structure  during  weir  construction. 

The  step  and  pool  fishladder  is  made  of  corrugated 
steel  sheet  piling,  (Fig.  15).  There  are  seven  bays 
separated  by  eight  weirs.  The  weirs  are  constructed  of  a 
series  of  150  mm  x  150  mm  timber  stop  logs,  piled  on  top  of 
each  other.  The  weirs  run  the  entire  width  of  the  ladder, 
and  are  suppressed  (no  end  contraction).  Each  bay  is 
approximately  1.7  m  long,  2.0  m  wide  (shortest  width),  and 

2.2  m  deep  (water  depth  being  dependent  on  weir  height). 

The  logs  are  held  in  place  by  brackets  welded  to  either 
side  of  the  ladder.  They  are  prevented  from  floating  by 
placing  wood  wedges  at  either  end  of  the  top  log.  Stop  logs 
can  be  removed  or  inserted  as  needed,  in  order  to  obtain  the 
desired  level  of  water  moving  across  each  weir. 

The  first  weir  controls  the  flow  of  water  entering  the 
ladder  from  the  lake.  Following  weirs  are  arranged  (by 
decreasing  the  number  of  logs)  so  that  a  steady  successive 
head  drop  is  achieved  throughout  the  ladder.  Generally,  a 
150  mm  sill  is  desired.  The  Driedmeat  ladder  is  designed  to 
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Fig.  15  Step  &  pool  fishladder  located  at  the  Driedmeat 
stabilization  weir.  Source:  Planning  Division,  Alberta 


Environment 


Lake 
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accommodate  up  to  a  1.2  m  difference  in  headwater  and 
tailwater  elevations.  The  top  elevation  of  the  ladder  is  30 
cm  above  that  of  the  main  stabilization  weir. 

The  upstream  portion  of  the  ladder  is  covered  by  a 
series  of  50  mm  x  300  mm  x  2.7  m  long  timber  planks.  These 
planks  are  bolted  to  the  sheet  piling  in  order  to  deter 
vandalism. 

5. 2. 1.1  Upstream  ladder  trap,  design 

A  trap  was  designed  and  built  for  the  capture  of  fish 
which  had  successfully  negotiated  the  entire  length  of  the 
ladder.  The  trap,  (Fig.  16),  was  constructed  of  25  mm  x  100 
mm  timber  planks.  Vexar  netting  (a  sturdy  plastic  mesh 
material)  of  30  mm2  mesh  size,  was  used  to  cover  the  frame. 

In  order  to  prevent  fish  from  escaping  back  downstream, 
(once  they  had  entered  into  the  trap),  a  series  of  one-way 
fingerlike  projections  were  installed  along  the  leading  edge 
of  the  trap  entrance,  (Fig.  17).  These  fingers  were  cut  and 
formed  from  standard  wire  coat  hangers.  Pieces  of  20  mm 
inside  diameter  PVC  (plumbing)  pipe,  cut  to  10  mm  widths, 
were  used  to  space  the  fingers  along  a  dowel.  The  wood 
dowel  was  18  mm  in  diameter  and  1.82  m  in  length.  A  1 . 0  mm 
thick  length  of  standard  speaker  wire  was  used  to  connect 
the  top  ends  of  the  fingers  to  each  other,  and  thereby 
prevent  spreading.  The  fingers  operated  to  allow  fish  to 
easily  glide  or  swim  into  the  trap,  however,  movement  was 
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Fig.  16  Ladder  trap  used  for  fish  capture  at  the  Driedmeat  & 
Steele  lake  fishladders 
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Fig.  17  Detail  of  finger-projections  of  the  ladder  trap. 


Fig.  18  Detail  of  attachment  of  supports  to  the  ladder  trap. 
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deterred  in  the  opposite  direction.  Also,  because  the  upper 
ends  of  the  fingers  were  not  fixed  to  the  side  of  the  trap, 
they  could  be  adjusted  to  any  water  level. 

The  trap  was  placed  against  the  upstream  edge  of  the 
top  weir  in  the  ladder  (Figs.  19  &  20).  The  level  of  the 
trap  within  the  bay  was  controlled  by  attaching  the  trap  to 
a  stand.  The  stand  consisted  of  two  supports  placed  on 
either  side  of  the  trap.  Each  support  was  made  up  of  two  15 
mm  thick  steel  rods,  each  fastened  to  a  concrete  base.  The 
two  rods  were  connected  at  the  top  by  a  steel  crossbar, 
which  had  eyelets  welded  to  each  end.  The  supports  were 
connected  to  the  trap  by  running  the  rods  through  four  30  cm 
long  pieces  of  20  mm  inside  diameter  steel  pipe,  (Fig.  18). 
This  stand  allowed  the  trap  to  be  positioned  in  the  water 
column  so  that  the  leading  edge  of  the  fingers  could  be 
placed  level  with  the  top  of  the  weir.  Once  placed, 
adjusting  screws  were  used  to  fix  the  position  of  the  trap. 

5. 2. 1.2  Fyke  net 

A  fyke  net  was  placed  in  the  Battle  River  approximately 
100  m  downstream  of  the  stabilization  weir.  The  net 
incorporated  two  wings  which  stretched  out  from  a  centrally 
located  trap  to  either  shore,  (Fig.  21)-.  In  this  way,  early 
movement  of  fish  could  be  detected. 

The  complete  fyke  net  was  constructed  of  25  mm2  mesh, 
vexar  netting.  The  trap  portion,  supported  by  a  series  of 
steel  hoops,  was  approximately  50  cm.  in  diameter  and  about 
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Fig.  1 9. Diagramat ic  representation  of  the  Driedmeat  Lake 
stabilization  weir  study  site. 
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Fig.  20  Placement  of  the  ladder  trap  in  Driedmeat  Lake 
fishladder,  cross  section. 
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Fig.  21  Placement  of  the  ladder  trap  in  Driedmeat  Lake 


fishladder,  plan  view. 
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2.5  m  in  length,  (Fig.  22).  The  trap  end  wings  were  held  in 
place  within  the  stream  by  attaching  them  to  a  series  of  6 
mm  thick  T-rails.  These  T-rails,  3.0  m  in  length,  were 
embedded  in  the  stream  bottom  about  0.5  to  1.0  m,  and 
protruded  about  0.2  to  0.5  m  above  the  water  surface. 

As  spring  thaw  progressed,  rising  water  levels  and  ice 
breakup  occurred  rapidly.  The  fyke  net  was  unable  to  handle 
such  conditions  and  it  soon  became  inoperable.  Increases  in 
water  velocity  within  the  main  stream  made  it  possible  to 
recover  only  the  trap  portion  of  the  net. 

The  fyke  net  was  installed  on  April  18  and  operated 
until  April  23.  During  the  monitoring  period,  the  trap  was 
checked  once  a  day  as  outlined  in  Table  C.3. 

5.2. 1.3  Seine  hauls 

In  conjunction  with  the  fyke  net,  seine  hauls  using  a 
10  m  long  seine  net  (of  25  mm2  meshing)  were  done  at  several 
downstream  locations  (Fig.  21).  Seine  locations  changed  as 
water  levels  rose. 

Seine  hauls  were  conducted  as  time  permitted  (generally 
twice  a  day).  Table  C.5  outlines  the  schedule  of  seine 
hauls  performed. 

5.2. 1.4  The  fish  ladder 

Upon  arrival  at  the  site,  icecover  conditions  still 
existed  in  and  around  the  fishway.  While  preparing  the 
ladder  for  monitoring  and  installation  of  the  upstream  trap, 
it  was  discovered  that  45  of  the  60-65  stop  logs  necessary 
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Fig.  22  Detail  of  the  fyke  net  trap  used  at  both  Driedmeat 
and  Steele  Lakes. 
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to  operate  the  ladder  were  missing.  Replacement  stop  logs 
and  the  ladder  trap  were  put  into  place  as  water  levels 
began  to  rise.  However,  flood  conditions  soon  prevailed 
putting  the  top  of  the  ladder  under  water  and  rendering  it 
non-functional.  Table  C.7  outlines  the  observed  water 
levels  upstream  and  downstream  of  the  stabilization  weir 
(note  that  the  top  elevation  of  the  fishladder  occurs  at 
685.100  m  geodetic).  The  ladder  was  submerged  for  the 
remainder  of  the  time  spent  at  the  Driedmeat  location, 

(Plate  2) . 

The  trap  was  installed  April  17  and  operated  until 
April  23.  It  was  generally  checked  three  times  daily; 
morning,  afternoon  and  evening.  Table  C.4  outlines  the 
schedule  followed  for  the  operation  of  the  ladder  trap. 

The  stop  log  weirs  in  the  ladder  were  arranged  to  allow 
a  mean  velocity  of  0.6  m/s.  over  top  of  each  weir.  This 
corresponded  to  a  mean  head  of  175  mm  at  each  weir.  No 
velocities  were  measured  in  the  nappe  itself.  The  lower 
three  weirs  of  the  ladder  were  submerged  under  the  tail 
water  and  were  not  manipulated.  These  flow  conditions  were 
maintained  for  the  entire  period  that  the  trap  was  in 
operation . 

5.2. 1.5  Counting  fences 

Due  to  the  inoperative  condition  of  the  fishladder,  two 
counting  fences  were  constructed  on  the  north  shore  area  of 
the  Driedmeat  weir  site  (Plate  3). 
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Plate  2  Driedmeat  fishladder  under  flood  water 
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The  first  fence  consisted  of  two  15  m  long  wings 
converging  on  a  centrally  located  trap  (Fig.  23).  The  wings 
were  constructed  of  steel  T-rail  fence  posts  and  50  mm2  mesh 
"chicken  wire"  (light  galvanized  wire  netting  of  hexagonal 
mesh).  The  posts  were  placed  at  1.0  m  intervals  for  support 
against  detritus  build-up.  The  trap  (Fig.  25)  consisted  of 
a  50  mm  x  100  mm  timber  frame.  The  frame  was  covered  with 
25  mm2  mesh  vexar  netting.  The  entrance  to  the  trap  was 
funnel  shaped,  allowing  fish  to  easily  move  into  the  trap, 
but  deterring  escape. 

The  second  fence  was  located  closer  to  shore.  It 
consisted  of  two  5.0  m  long  wings  converging  on  a  5.0  m  long 
"venturi"  style  chute  (Fig.  24).  This  chute  in  turn 
diverged  into  two  5.0  m  long  plywood  wings  at  its  upstream 
end.  These  plywood  wings  were  used  to  funnel  water  down 
through  the  chute. 

A  trap  was  also  located  at  the  upstream  mouth  of  the 
chute.  This  trap  was  of  the  same  style  as  that  shown  in 
Fig.  25.  The  dimensions  of  the  trap  were;  0.9  m  wide,  0.9  m 
long  and  0.6  m  deep. 

The  downstream  wings  were  built  of  10  mm  rebar  steel 
pieces  supporting  25  mm2  mesh  chicken  wire.  The  chute  and 
upstream  fence  consisted  of  1.0  m  plywood  sections  supported 
by  50  mm  x  100  mm  wood  struts. 

The  first  fence  was  installed  on  May  2  and  operated 
until  May  14.  It  was  checked  twice  daily  (morning  and 
evening)  depending  on  fish  numbers. 
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Fig.  23  Detail  of  the  #1  counting  fence  at  the  Driedmeat 
weir  site. 
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Fig.  24  Detail  of  the  chute  fence  at  the  Driedmeat  weir 
si  te . 
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Fig.  25  Detail  of  the  trap  used  in  conjunction  with  the  #1 
counting  fence. 
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The  chute  fence  was  installed  on  May  1 1  and  operated 
until  May  14.  It  was  checked  at  the  same  times  as  the  #1 
counting  fence.  The  width  of  the  plywood  chute  was  set  at 
25  cm,  and  maintained  a  mean  velocity  of  0.8  m/s  through  its 
length  (for  the  period  in  use). 

The  Price  current  meter  was  used  for  velocity 
measurements.  The  wheel  was  positioned  20  -  30  mm  above  the 
bottom  substrate  at  three  separate  positions  within  the 
chute  (see  Fig.  24). 

Two  "overnight”  checks  were  done  on  both  fence  traps  at 
2100,  2400,  0300,  and  0600,  in  order  to  try  and  assess  the 
movement  times  of  the  fish  species. 

5.2. 1.6  Silver  Creek  stream  work 

The  flooding  of  the  fishladder  required  that  temporary 
alternatives  for  measuring  pike  and  sucker  performance  be 
found.  It  was  discovered  that  a  pike  and  sucker  run  was 
occurring  on  Silver  Creek  ( SW4-20-46-W4 )  southwest  of  the 
town  of  Camrose.  Fish  proceeded  up  the  creek  from  the 
Battle  River,  until  halted  by  outfall  from  an  elevated  road 
culvert,  (Plate  4). 

In  order  to  assess  the  swimming  ability  of  the  fish  as 
they  moved  up  the  creek,  it  was  necessary  to  direct  their 
movement  through  a  controlled  "venturi"  like  chute,  which 
led  the  fish  into  a  trap  located  at  its  upstream  end,  (Figs. 
25  &  26).  The  dimensions  of  the  trap  (of  the  same  style  as 
in  Fig.  25)  were  0.9  m  wide,  0.9  m  long,  and  0.8  m  high. 
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Plate  4  The  elevated  culvert  at  Silver  Creek  which 


obstructed  fish  passage 
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This  arrangement  ensured  that  all  fish  captured  had 
navigated  the  chute  water  velocities. 

Initially  a  smaller  chute  (61  cm  in  length)  was 
installed  on  May  4  and  operated  until  May  8.  This  was  then 
replaced  by  a  2.5  m  long  chute,  which  was  monitored  until 
May  11.  This  "venturi"  system  was  set  up  in  a  riffle  area 
in  the  stream,  changes  in  the  width  between  the  two  wings  of 
the  chute  resulted  in  a  speeding  up  or  slowing  down  of  the 
flow . 

The  velocities  through  each  chute  were  determined  with 
the  Price  current  meter.  The  wheel  was  positioned  20  -  30 
mm  above  the  gravel  substrate,  at  three  different  positions 
within  the  chute  (see  Figs.  26  &  27). 

The  various  chute  settings  used,  together  with  their 
corresponding  velocities,  are  outlined  in  Table  C.8. 

5. 2. 1.7  Gwynne  road  washout 

Due  to  the  flood  level  conditions  of  the  Battle  River 
at  the  time  of  the  study,  several  secondary  roads  became 
impassable  as  a  result  of  washouts.  Such  a  washout  occurred 
immediately  south  of  the  town  of  Gwynne  ( SE26~22_45”W4 ) 
approximately  30  km  west  of  Camrose.  This  washout  provided 
a  second  observation  site  for  fish  movement. 

Flood  waters  from  a  bordering  farm  field  were  passing 
over  a  gravel  road  and  down  into  another  fiej.d  on  the 
opposite  side.  The  water  then  passed  from  this  field  into 
the  Battle  River  (Fig.  28).  Pike  and  white  sucker  were 
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Fig.  26  Detail  of  61  cm  long  chute  used  at  Silver  Creek. 


Fig.  27  Detail  of  2.5  m  long  chute  used  at  Silver  Creek. 
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Fig.  28  Diagramatic  representation  of  the  Gwynne  washout 
observation  site. 
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moving  from  the  river  up  into  the  lower  field  and  then 
across  the  road  into  the  upper  field. 

The  incline  created  by  the  ditch  between  the  road  and 
the  lower  field  produced  swift  flowing  water.  Migrating 
fish  had  to  swim  against  these  flows  in  order  to  move  into 
the  upper  field,  (Plate  5). 

Water  velocities  were  measured  at  several  points  in 
both  the  high  velocity  zone  and  the  flow  over  the  road.  The 
Price  current  meter  was  used.  The  wheel  was  positioned  as 
close  to  the  substrate  as  possible  (usually  within  15  -  20 
mm)  due  to  the  weedy,  uneven  nature  of  the  ditch.  Flows  in 
the  high  velocity  zone  averaged  2.0  m/s,  while  velocities 
across  the  road  itself  were  considerably  slower  at  0.2  to 
1 . 0  m/s . 

Movements  across  the  washout  were  monitored  on  three 
occasions  (April  30  to  May  2).  In  order  to  observe  fish 
movement  consistently,  the  flooded  area  was  staked  out  into 
4  zones,  A  -  D  (Fig.  28).  Each  zone  was  monitored  for  a  30 
minute  period,  with  emphasis  on  the  success  or  failure  of 
each  fish  to  move  through  the  high  velocity  zone  and  onto 
the  road  area.  Several  individual  fish  were  timed  (by 
manual  counting)  as  they  moved  up  over  the  incline  and  onto 
the  road. 

Table  C.10  outlines  each  observation  period  as  well  as 
the  mean  velocities  at  each  zone.  Due  to  time  constraints, 
only  confirmatory  velocity  measurements  were  taken  during 
period  #3.  These  were  found  to  be  similar  to  those  of  the 
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Plate  5  Incline  between  the  road  and  lower  field  (high 
velocity  zone)  at  the  Gwynne  washout  site. 
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previous  period. 

5. 2. 1.8  Gwynnee  culvert 

While  monitoring  movement  over  the  above  washout,  it 
was  noticed  that  a  culvert  was  positioned  under  the  road, 
providing  drainage  from  the  upper  field  to  the  lower  one 
(Fig.  28).  The  culvert  measured  12.4  m  in  length  with  a  78 
cm.  diameter. 

A  trap  (of  the  same  style  as  in  Fig.  25)  was  placed  at 
the  upstream  end  of  the  culvert.  The  trap  measured  0.9  m  in 
width,  0.8  m  in  length,  and  0.9  m  in  height. 

The  culvert  trap  was  installed  on  May  6  and  checked 
twice  daily  until  May  8,  when  it  was  removed  due  to  receding 
waters  and  to  allow  unimpeded  movement  of  fish  in  the  upper 
field  back  down  to  the  Battle  River. 

Velocities  were  taken  prior  to  each  set,  at  the  upper 
end  of  the  culvert  (just  as  the  water  entered),  and  at  its 
bottom  end  (just  as  the  water  left  the  culvert).  The  Price 
current  meter  was  used;  the  wheel  was  positioned  at  the 
centre  of  the  culvert,  between  50  -  75  mm  off  the  bottom. 
This  was  done  on  the  assumption  that  the  fish  would  tend  to 
move  along  the  bottom. 

•  Table  C.12  outlines  each  set  of  the  culvert  trap  along 
with  corresponding  mean  water  levels  and  velocities.  Water 
levels  were  determined  by  measurements  from  the  top  of  the 
culvert  to  the  water  surface  at  the  upper  and  lower  ends, 
and  the  mean  calculated. 
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5. 2. 1.9  Physical/chemical  measurements 

Water  temperature,  conductivity  and  dissolved  oxygen 
readings  were  taken  immediately  upstream  of  the  fishladder 
and  approximately  10  m  downstream  of  the  ladder  entrance.  A 
record  of  geodetic  water  levels  was  also  maintained  upstream 
and  downstream  of  the  stabilization  weir  (Table  C.7). 

Temperature,  dissolved  oxygen,  and  conductivity  were 

% 

also  measured  during  monitoring  activities  at  the  Silver 
Creek  site. 

5.2.2  Steele  Lake 

The  Steele  Lake  stabilization  weir  is  constructed  of 
sheet  steel.  The  weir  was  installed  in  1974  by  Alberta 
Environment.  The  fishladder  was  incorporated  into  the 
structure  at  that  time. 

The  step  and  pool  fishladder  is  made  of  corrugated 
sheet  steel  piling  (Fig.  29).  There  are  six  bays  separated 
by  seven  weirs.  The  weirs  are  constructed  of  sheet  steel 
and  are  fixed  in  position.  The  weirs  run  the  entire  width 
of  the  ladder,  and  are  suppressed.  Each  weir,  as  well,  has 
stop  log  brackets  placed  on  top,  at  either  end.  These 
brackets  are  of  sufficient  height  to  allow  two  to  three  100 
mm  x  100  mm  stop  logs  to  be  placed  on  top.  Each  bay  is 
about  1.8  m  wide,  2.0  m  long,  and  1.5  m  in  depth. 

Water  flows  (velocities)  can  be  manipulated  in  the  same 
manner  as  the  Driedmeat  ladder,  through  manipulation  of  the 
stop  logs.  However,  the  range  of  manipulations  attainable 
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Fig.  29  Step  &  pool  fishladder  at  Steele  Lake  stabilization 


weir.  Source: 


Planning  Division  of  Alberta  Environment 
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is  restricted  by  the  small  number  of  stop  logs  that  can  be 
placed  on  the  weir.  The  first  three  weirs  in  the  ladder  are 
fixed  at  the  same  elevation,  approximately  46  cm  below  the 
top  elevation  (657.012  m  geodetic)  of  the  ladder.  Thus,  the 
ladder  becomes  non-f unct ional  once  upstream  elevations  drop 
below  the  first  weir  crest  (or  656.554  m  geodetic).  As 
well,  the  top  elevation  of  the  ladder  is  about  the  same  as 
the  top  elevation  of  the  main  stabilization  weir. 

The  ladder  is  completely  open  on  the  top,  having  no 
planking  as  at  Driedmeat. 

5.2.2. 1  Downstream  fyke  net  and  seining 

The  fyke  net  (as  described  under  Driedmeat  Lake)  was 
placed  in  French  creek  on  May  18,  about  15  m  downstream  of 
the  fishladder  entrance.  The  net  did  not  extend  the  full 
width  of  the  stream,  as  only  2.0  m  long  wings  were  used, 
(Fig.  30).  Due  to  a  lack  of  fish  capture  success  combined 
with  the  entrapment  of  muskrat  in  the  the  trap,  the  fyke  net 
was  removed  after  two  days  (May  20). 

Downstream  seining  (using  the  seine  described 
previously)  was  done  as  time  permitted  (Fig.  30).  No 
seining  was  undertaken  during  the  first  5  days  of 
operation.  A  schedule  of  seining  procedures  are  outlined  in 


Table  C. 14. 
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Fig.  30  Diagramatic  representation  of  the  Steele  Lake  study 
si  te . 
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5. 2. 2. 2  Downstream  lead  fence 

A  lead  fence,  constructed  of  25  mm2  mesh  chicken  wire 
and  15  mm  rebar  steel  pieces,  was  placed  diagonally  between 
the  fishladder  entrance  and  the  north  shore  (Fig.  30).  This 
lead  was  not  installed  until  5  days  after  arrival.  Its 
function  was  to  lead  approaching  fish  to  the  ladder 
entrance . 

5. 2. 2. 3  Upstream  ladder  trap 

The  upstream  ladder  trap  described  for  Driedmeat  Lake 
had  to  be  modified  slightly  to  fit  the  Steele  Lake  ladder 
(Figs  31  &  32).  These  modifications  included: 

(1)  deletion  of  the  support  stand.  The  upstream  water 
depth  was  fairly  shallow  and  thus  the  trap  could  be 
manipulated  quite  easily  without  the  use  of  a  support 
stand. 

(2)  lowering  of  the  finger  trap  entrance  due  to  the 
shallow  depths  immediately  upstream  of  the  weir. 

(3)  fixing  the  back  end  of  the  trap  to  a  T-rail  post 
such  that  the  leading  edge  of  the  fingers  were  level 
with  and  abutted  to  the  top  of  the  upstream  weir. 

5. 2. 2. 4  Manipulations 

Manipulation  of  flows  (water  velocities)  through  the 
fishladder  were  accomplished  by  the  removal  or  insertion  of 
stop  logs.  The  essentially  equal  elevations  of  the  top  of 
the  ladder  and  main  stabilization  weir  negated  the 
possibility  of  a  consistant  head  drop  in  the  upper  end  of 
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Fig.  31  Placement  of  the  ladder  trap  at  the  Steele  Lake 
site,  plan  view. 


T-rail  support 


Trap 


Ground  level 


1 00mm  X  1 00mm  stop  logs 
Stop  logs  guides 


Fig.  32  Placement  of  the  ladder  trap  at  the  Steele  Lake 
site,  cross  section. 
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the  ladder.  Consequently,  greatly  different  flow 
characteristics  and  velocities  were  produced  in  the  first 
two  bays,  than  through  the  rest  of  the  ladder. 

The  existence  of  a  beaver  dam,  located  upstream  of  the 
ladder,  produced  a  slight  ponding  effect  on  the  area  of 
water  between  the  stabilization  weir  and  this  dam.  As  a 
result,  the  flood  gate  (located  at  the  north  end  of  the 
stabilization  weir,  in  Fig.  30)  was  utilized  to  lower 
upstream  water  levels  slightly.  This  produced  a  second 
means  of  manipulating  flows  through  the  ladder. 

Upon  arrival  at  the  Steele  Lake  ladder,  it  was  decided 
to  utilize  the  existing  set  up  of  the  ladder  as  the  first 
manipulation.  Two  other  manipulations  were  later 
established  and  these  three  were  then  alternated  randomly 
until  May  17. 

The  upper  six  weirs  of  the  ladder  were  involved  in  the 
manipulations.  The  first  three  manipulations  were  as 
follows : 

man.  #1;  3-2-2-2-2-2 
man.  #2 ;2— 1— 1— 1— 1— 1 
man.  #3;  1-0-0-0-0-0 

Where  each  digit  refers  to  the  number  of  stop  logs 
placed  on  top  of  the  steel  sheet  weir.  The  first  digit 
(on  the  left)  refers  to  the  first  or  uppermost  weir  in 
the  ladder.  (The  seventh  weir  was  always  submerged  by 
downstream  water  levels  and  therefore  was  not 
manipulated) . 
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Once  a  familiarity  with  the  peculiarities  of  the  ladder 
was  established,  four  new  manipulations  were  implemented: 

man.  #4;  3  -  2  -  1  -  1  -  1  -  1  (flood  gate  open  25%). 
man.  #5;  3  -  2  -  1  -  1  -  1  -  1  (flood  gate  closed), 
man.  #6;  2-1-0-0-0-0  (flood  gate  open  25%). 
man.  #7;  2-1-0-0-0-0  (flood  gate  closed). 

The  short  length  of  the  stop  log  guides  (over  the  first 
weir)  and  constant  elevation  of  the  first  three  weirs, 
greatly  restricted  the  number  of  manipulations  that  could  be 
done,  while  still  maintaining  a  sequential  head  drop  through 
the  ladder. 

Most  of  the  remaining  sets  involved  these  four 
manipulations  (Table  C.16),  however,  three  other 
manipulations  were  tried  during  the  latter  stages  of  the 
project : 

man.  #8;  3.5  -  2  -  1  -  1  -  1  -  1  (flood  gate  open  25%). 
The  3.5  logs  over  the  first  weir  refer  to  two  100  mm  x 
100  mm  logs  and  one  150  mm  x  100  mm  log. 

man.  #9;  involved  placing  the  ladder  trap  in  the  third 
bay  of  the  ladder.  Flow  through  the  ladder  was 
dampened  by  damming  the  top  end  of  the  ladder  with 
planks.  This  was  done  in  order  to  establish  smaller 
heads  and  a  free  flow  over  the  weir. 

man.  #10;  was  set  only  once  (set  48,  Table  C.16).  A 
restricted  route  of  ascent  was  set  up  over  the  second 
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weir,  (Plate  6).  This  orifice  forced  an  ascending  fish 
to  pass  through  the  water  column  of  the  nappe  in  order 
to  ascend  to  the  next  bay.  The  orifice  was  210  mm  in 
height,  with  a  mean  water  velocity  of  1.6  m/s, 

The  pattern  of  the  stop  log  manipulations  used  followed 
a  randomized  design.  Due  to  the  amount  of  work  and  time 
involved  in  each  manipulation  change,  no  attempt  was  made  to 
maintain  a  particular  head  level.  The  length  of  time  that 
each  set  lasted  was  dependent  on  the  number  of  fish  caught. 

Each  time  a  change  in  stop  logs  was  made  (some 
manipulations  occurred  twice  in  a  row  due  to  the  randomized 
design)  a  new  set  was  designated.  Initially,  only  1  -  2 
hour  sets  were  used.  Later,  the  set  time  was  extended  to  5 
hours . 

5. 2. 2. 5  Velocity  measurements 

All  velocity  measurements  were  taken  using  either  the 
Price  model  AA  current  meter,  or  the  Cushing  model  6 1 1  —  P 
water  current  meter  converter.  The  Price  meter  was  used  to 
directly  measure  velocities  within  the  nappe.  Velocities 
were  taken  in  two  locations  at  each  weir: 

(1)  directly  over  the  weir,  approximately  half  way  down 
in  the  water  column. 

(2)  downstream  in  the  nappe  as  close  as  possible  to  the 
point  where  the  nappe  merged  with  the  water  level  in 
the  next  bay. 
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Plate  6  A  photograph  of  the  makeshift  orifice  which  was 
placed  over  weir  #2  during  manipulation  #10. 
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In  conjunction  with  these  velocity  measurements, 
head  levels  were  taken  for  each  weir  as  described. 

Head  levels  for  the  first  weir  were  established  by 
installing  a  T-rail  post  about  3.0  m  upstream  of  the 
ladder  and  calibrated  to  the  top  elevation  of  the 
fishladder.  Water  levels  over  the  first  weir  were  then 
taken  in  relation  to  this  point. 

Velocities  using  the  Price  meter  were  done  only  on 
the  first  four  sets  (and  occasionally  on  other  sets)  in 
order  to  establish  a  correlation  between  measured  head 
and  velocity. 

Table  C.23  outlines  these  sets,  giving  the  head  at 
each  weir  and  the  corresponding  velocities  over  the 
weir  and  in  the  lower  end  of  the  nappe.  The  regression 
analysis  allows  an  approximation  of  the  velocity  in  the 
lower  portion  of  the  nappe  (applicable  to  the  lower 
four  weirs  of  the  ladder  only)  to  be  calculated  from 
the  head  over  the  weir  by  the  equation: 

Y  =  0 . 0065 (X)  +  1.4  (8) 

where : 

X  =  head  over  the  weir  (mm) 

Y  =  velocity  (m/s) 
r  =  0.88 

Mean  velocity  over  the  weir  can  be  approximated  from  the 
head  by  the  regression  equation: 

Y  =  0 . 0033 (X)  +  0.78  (9) 


where : 
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X  =  head  (mm) 

Y  =  velocity  (m/s) 
r  =  0.88 

Water  velocities  in  the  nappe  of  the  two  upper  weirs  were 
generally  only  half  that  measured  at  the  lower  four  weirs. 
Consequently,  in  order  to  maintain  consistency  in  the 
head/velocity  relationship,  only  the  lower  four  weirs  were 
considered  (since  the  most  critical  velocities  for  the  fish 
were  at  these  sites). 

5.2.2. 6  Velocity  profiles  and  discharge 

In  order  to  contrast  the  differences  in  velocities 
which  occur  at  various  points  in  a  step  and  pool  ladder, 
complete  profiles  were  carried  out  on  manipulations  1  -  8. 

The  Cushing  current  meter  was  utilized  in  this  case  for 
measurement  of  velocities.  During  each  profile,  velocities 
were  taken  throughout  the  ladder  in  the  following  pattern: 

(1)  over  each  weir  -  The  wading  rod  was  placed  directly 
over  the  weir  (just  touching  its  surface).  Five 
separate  readings  were  taken  at  30  cm  intervals  across 
the  weir. 

(2)  within  the  nappe  after  each  weir  -  The  wading  rod 
was  rested  against  the  downstream  edge  of  the  weir  and 
set  at  about  a  45°  angle  into  the  flow  of  the  nappe. 
Five  readings  at  30  cm  intervals  across  the  flow  were 
done . 

(3)  two  or  more  equally  spaced  positions  into  the  bay, 
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downstream  of  each  weir  -  The  wading  rod  was  held  in 
the  flow  vertically.  Five  readings  at  30  cm  intervals 
were  taken  across  each  position.  As  well,  the  rod  was 
moved  vertically  down  in  the  bay  at  30  cm  intervals 
(the  depth  attained  varied,  depending  on  debris, 
etc .  )  . 

By  utilizing  equations  (3)  and  (6),  discharges  were 

% 

calculated  for  most  of  the  sets,  in  terms  of  flow  over  the 
main  weir  and  flow  through  the  ladder  itself. 

5. 2. 2. 7  Fish  sampling 

All  fish  captured  were  sized  by  fork  length,  sexed,  and 
tagged.  Every  second  or  third  fish  was  also  weighed,  and  a 
scale  sample  removed  for  aging. 

After  each  set,  the  upstream  ladder  trap  was  removed 
(if  it  contained  fish)  and  carried  to  the  shore  area  where 
fish  were  more  easily  netted  out  for  handling.  Once  all 
fish  were  sampled  and  returned  to  the  water,  the  trap  was 
then  placed  back  in  its  ladder  position,  designating  the 
start  of  the  next  set.  Stop  logs  were  arranged  for  a 
different  manipulation  if  necessary. 

5. 2. 2. 8  Physical/chemical  measurements 

Water  temperature,  conductivity,  and  dissolved  oxygen 
readings  were  taken  immediately  upstream  of  the  ladder  and 
at  the  fishladder  entrance,  in  the  morning  and  evening  of 
each  day. 
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5.3  Data  Analysis 

5.3.1  General 

All  statistical  analyses  were  carried  out  using  the 
"Minitab"  statistical  computing  package  (Ryan  et  al.,  1976  & 
Ryan  et  al,  1981)  which  runs  interactively  with  the 
University  of  Alberta  MTS  (Michigan  Terminal  System) 
computing  system. 

All  raw  field  data  were  initially  arranged  according  to 
tag  number  (see  Appendix  A)  for  both  the  Driedmeat  and 
Steele  Lake  sites. 

5. 3. 1.1  Length/weight  correlation 

The  logarithms  of  fish  length  were  plotted  against  the 
logarithms  of  the  corresponding  weights  (using  those 
individuals  that  had  both  length  and  weight  recorded). 
Regression  coefficients  were  calculated  for  each  plot. 

i 

Length/weight  correlations  were  plotted  for  each  of  the 
following  data  sets: 

(a)  Driedmeat  Lake  counting  fence  (pike  and  white 
sucker ) 

(b)  Combined  data  of  the  Steele  Lake  ladder  trap  (pike 
only) 

5. 3. 1.2  Frequency  polygons  &  histograms 

In  order  to  provide  a  visual  representation  of  the 
relative  numbers  of  fish,  or  numbers  within  a  length 
grouping,  frequency  polygons  and  histograms  were  generated 
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(such  as  Figs. '34  &  48). 

5 . 3 . 1 . 3  Sex  and  age 

Sex  ratio  and  age  range  for  each  species  as  a  whole 
were  ascertained  using  those  individuals  where  sex  and/or 
age  had  been  determined.  In  the  case  of  Driedmeat  Lake, 
this  involved  combining  the  appropriate  data  of  all  three 
study  sites.  For  Steele  Lake,  all  appropriate  ladder  trap 
data  were  used. 

5.3.2  Site  specific  analysis 

Observations  at  Silver  Creek,  Gwynne  culvert  and  Steele 
Lake  sites  required  an  examination  of  the  effects  of  the 
water  velocities  on  the  swimming  abilities  of  the  fish 
involved. 

Fish  length  was  utilized  as  the  dependent  variable  in 
the  analysis.  The  size  range  of  the  fish  tended  to 
demonstrate  less  fluctuation  than  fish  numbers  at  any  one 
time . 

Two  different  statistical  designs  were  used;  the 
one-way  ANOVA  (completely  randomized  design),  and  the 
CHI-SQUARE  for  independance  (Spatz  &  Johnson,  1976;  Miller  & 
Freund,  1977;  and  Khazanie,  1979). 

In  using  the  one-way  ANOVA,  mean  fish  length  was 
calculated  for  each  flow  rate  involved.  The  flow  rates  were 
then  compared  using  the  null  hypothesis  that  the  mean  length 
of  fish  captured  at  each  flow  rate  was  the  same,  or  that: 
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U,  =  U2  =  U3  ,  etc.  (U=mean) 

The  application  of  the  ANOVA  rests  on  three  major 
assumptions;  normality,  homoscedasticity  and  random 
sampling.  Therefore  use  of  the  ANOVA  depended  on  the  data 
from  each  study  site  conforming  to  these  three  assumptions. 

Normality  was  tested  by  conversion  of  the  length  data 
to  their  equivalent  probit  scores  (Ryan  et  al.  1981).  These 
two  sets  of  scores  were  then  plotted  against  each  other  and 
correlated  (Fig.  B1,  A-C).  The  higher  the  correlation  the 
more  consistent  are  the  data  with  a  normal  distribution. 

Standard  deviation  values  were  calculated  for  the  mean 
population  length  at  each  velocity  to  insure  that  the  amount 
of  variation  around  the  mean  was  similar  for  each  population 
in  the  analysis  (homoscedast i ity ) . 

The  use  of  random  sampling  was  implicit  in  the  design 
of  the  experiments  since  each  fish  downstream  of  a 
particular  flow  regime  had  equal  opportunity  to  attempt  the 
flow. 


The  chi-square  is  a  measure  of  the  deviation  of 
"observed"  data  from  the  model  or  "expected"  case,  based  on 
probability.  Again,  fish  length  was  used  here  as  the  event 
(or  dependent  variable).  The  range  of  lengths  which 
occurred  were  divided  into  equal  sized  categories.  The 
frequency  of  occurrence  (total  number)  of  a  particular  size 
group  at  a  particular  flow  rate  was  determined,  and  expected 


values  calculated. 
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5.3.2. 1  Silver  Creek 

All  fish  captured  in  the  Silver  Creek  trap  were  white 
sucker,  subsequently  all  analysis  dealt  with  this  species. 
Data  obtained  using  the  shorter,  61  cm.  chute,  were  treated 
separately  from  the  long  chute  results. 

To  compare  the  mean  length  of  suckers  captured  under 
each  of  the  flow  conditions  through  the  short  chute  the 
one-way  ANOVA  was  used. 

Due  to  the  small  numbers  of  fish  captured  during  the 
use  of  the  long  chute,  no  further  breakdown  of  the  data  was 
done  to  compare  the  different  velocities.  However,  a 
one-way  ANOVA  was  performed  on  the  mean  length  of  sucker 
passing  through  the  short  chute  as  opposed  to  the  longer 
chute . 

5. 3. 2. 2  Gwynne  culvert 

All  fish  captured  in  the  Gwynne  culvert  trap  were  pike, 
therefore  all  analysis  dealt  with  this  species.  A  one-way 
ANOVA  was  used  to  test  if  the  mean  length  of  pike  passing 
through  the  culvert  differed  during  each  set  of  the  culvert 
(i.e.  as  a  result  of  the  decreasing  velocities). 

In  order  to  determine  whether  size  class  might  be  a 
factor,  the  range  of  lengths  of  the  fish  were  divided  into  3 
groups.  These  classes  were  then  examined  against  the  four 
flow  rates  in  a  chi-square  test  for  independence. 
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5. 3. 2. 3  Steele  Lake 


Since  insufficient  numbers  of  white  sucker  were 
captured  during  manipulations  at  the  Steele  Lake  ladder,  all 
statistical  analysis  involved  only  pike. 

The  application  of  the  one-way  ANOVA  and  chi-square  to 
the  Steele  Lake  data  was  somewhat  more  involved.  Since  the 
analyses  used  were  based  on  lengths  and  not  numbers  of  fish 
captured,  all  sets  which  resulted  in  no  fish  were  not 
utilized.  Further,  in  order  to  better  quantify  the 
analysis,  only  those  sets  which  contained  more  than  5  pike 
were  used. 

The  velocity  categories  used  were  grouped  in  the 
following  manner: 

(a)  The  range  of  mean  head  levels  (using  the  lower  4 
weirs  to  compute  each  mean)  which  occurred,  were 
plotted  against  the  corresponding  set  numbers  (Fig. 

33)  . 

The  mean,  as  opposed  to  the  maximum  head  value  was 
utilized  for  two  reasons.  First,  the  turbulent  nature 
of  the  flow  through  the  ladder  resulted  in  small, 
constant  changes  in  head  levels  across  the  width  of  the 
weir.  Thus,  velocities  across  the  width  of  the  weir 
varied  from  moment  to  moment.  Second,  the  position  of 
ascent  over  the  weir  was  not  consistent  for  either  the 
pike  or  sucker. 

(b)  The  range  of  head  levels  was  then  divided  into  four 
equal  classes  from  lowest  to  highest. 
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Fig.  33  Mean  head  level  at  each  set  of  the  Steele  Lake 
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(c)  These  head  level  classes  were  then  converted  to 
velocity  equivalents  (in  m/s)  using  equation  (8).  In 
this  way  each  set  was  then  assigned  to  a  velocity 
category  (as  outlined  in  Table  B.5). 

In  the  case  of  the  chi-square  tests,  size  classes  were 
grouped  by  the  following  method: 

(a)  The  range  of  pike  lengths  which  occurred  over  the 
course  of  the  study  were  classified  into  four  equal 
divisions . 

(b)  The  frequency  of  lengths  within  each  group  were 
then  totaled  according  to  each  velocity  class  (as 
outlined  in  Table  B.6). 

Although  velocity  and  fish  length  were  the  main 
variables  of  concern  to  the  analysis,  the  factor  of  "time  of 
day"  was  also  considered,  due  to  its  involvement  with  fish 
migration  and  movement. 

The  independence  of  fish  length  from  this  factor  needed 
to  be  tested  to  ensure  that  it  was  not  contributing 
significantly  to  changes  in  the  range  of  fish  lengths  which 
might  be  available  to  ascend  the  ladder  at  the  various 
velocities . 

The  chi-square  test  for  independence  was  used  to  test 
length  class  with  time  of  day. 

Once  this  independence  was  established,  an  evaluation 
of  the  variability  of  lengths  among  sets  within  the  same 
velocity  grouping  were  done,  by  perfoming  an  ANOVA  on  the 
sets  with  each  velocity  group  (using  mean  pike  lengths)  and 
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calculating  the  95%  confidence  intervals  for  the  means. 

This  was  needed  to  establish  if  significance  in  mean  size 
existed  among  sets  within  the  same  velocity  class  (also  a 
test  of  homoscedasticity ) . 

Once  it  was  established  that  the  data  did  conform  to 
the  assumptions  involved  in  the  ANOVA  and  chi-square,  these 
two  test  were  carried  out. 

The  one-way  ANOVA  was  used  to  compare  mean  length  of 
fish  captured  at  each  of  the  four  velocity  settings. 

The  chi-square  for  independence  was  used  to  test  for  a 
relationship  between  size  class  and  velocity  class  (using 
the  classes  described). 

Finally,  a  one-way  ANOVA  on  lengths  for  velocity 
classes  2,  3  &  4,  during  the  time  period  of  1500  -  2100.  was 
carried  out.  This  was  done  for  three  reasons: 

(1)  The  numbers  of  fish  involved  varied  less  than  in 

the  overall  ANOVA. 

(2)  Any  biases  which  might  have  resulted  due  to  time 

periods  was  eliminated. 

(3)  As  a  check  on  the  results  of  the  overall  ANOVA. 
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6.  Results  &  Discussion 


6.1  Driedmeat  Lake  migration 

The  migration  of  northern  pike  and  white  sucker  into 
Driedmeat  Lake  from  the  lower  end  of  the  Battle  River 
appeared  to  take  place  despite  the  inoperative  nature  of  the 
fishladder.  Fish  of  both  species  moved  into  the  lake  by 
skirting  the  slower  moving  shoreline  areas  at  either  end  of 
the  stabilization  weir  (as  evidenced  by  counting  fence, 
seining  and  observational  results).  Although  movement  in 
the  main  stream  may  have  occurred,  it  would  appear  unlikely 
due  to  the  extreme  turbulence  and  velocity  of  the  water 
moving  downstream  of  the  weir. 

The  results  indicate  rather  erratic  movements  of  pike 
into  the  Lake.  From  Table  C.5  it  appears  that  migration 
into  the  lake  began  sometime  between  April  26  and  April  30. 
The  counting  fence  results  suggest  that  this  initial 
movement  trailed  off  between  May  4  and  May  9,  then  resumed 
to  the  end  of  the  study  period  (Fig.  34). 

White  sucker  were  notably  absent  from  all  seine  hauls, 
and  did  not  make  any  noticeable  appearance  in  the  counting 
fence  until  May  8,  at  which  time  a  fairly  large  movement 
appeared  to  take  place.  The  migration  of  sucker  seemed  to 
be  much  more  extensive  than  that  of  the  pike  (Fig.  35). 

The  migration  of  suckers  also  occurred  in  two  peaks 
(the  second  of  which  was  still  occurring  at  the  end  of  the 
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DAY 

counting  fence  &  chute  fence  for  each  day  of  operation. 


Fig.  35  Frequency  polygon  of  white  sucker  captured  at  the 
counting  fence. 
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study  period).  A  notable  drop  in  numbers  occurred  between 
May  10  and  May  12. 

The  two  year  study  of  Rhude  (1980)  indicates  that  the 
timing  and  magnitude  of  the  pike  spawning  run  at  Driedmeat 
Lake  can  be  quite  variable.  In  1978  the  run  began  around 
April  19  and  sometime  before  April  14  in  1977.  Rhude 
indicates  that  both  the  time  of  spring  break-up  (rising 
water  levels)  and  water  temperature  (7  -  8°  C)  appeared  to 
be  the  governing  factors  in  the  migration  times. 

Koshinsky  (1979)  suggests  that  stream  discharge  may  be 
the  primary  factor  in  pike  spawning  movements.  Koshinsky 
indicates,  however,  that  low  temperatures  can  exert  a 
"negative  effect  on  pike  spawning  migration".  The  migration 
of  sucker  appears  to  be  more  related  to  temperature  rather 
than  discharge. 

Flow  over  the  stabilization  weir  at  Driedmeat  did  not 
begin  until  April  21,  but  increased  sharply  from  then  until 
May  5  to  a  peak  discharge  of  greater  than  215  m3/s  (Fig. 

36)  . 

Downstream  water  temperatures  fluctuated  considerably 
between  April  15  and  May  5  before  climbing  steadily  (Fig. 

37) .  Prior  to  this  steady  rise,  two  earlier  peaks  of  5°  C 
on  April  21  and  7.7°  C  on  May  2  were  observed. 

Little  difference  in  the  numbers  or  timing  of  male  vs. 
female  pike  movements  were  apparent  (Figs.  38  &  39).  The 
initial  movement  of  the  pike  may  be  associated  with  the 
sudden  discharge  over  the  weir,  while  the  second  peak  could 
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Fig.  36  Geodetic  water  level  changes  downstream  of  the 


Fig.  37  Plot  of  downstream  water  temperature  vs  days,  at 
Driedmeat  weir. 
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Fig.  38  Frequency  polygon  of  male  pike  captured  at  the 


counting  and  chute  fences,  located  at  Driedmeat  weir. 


counting  and  chute  fences,  located  at  Driedmeat  weir. 
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be  linked  to  the  more  steady  increases  in  temperature.  No 
real  conclusions  can  be  drawn,  however,  due  to  the  lack  of 
numbers  and  the  subsampling  nature  of  the  counting  fence. 

The  fence  covered  a  small  area  on  the  north  side  of  the  lake 
outlet,  thus  only  a  small  portion  of  the  total  numbers  of 
each  species  was  being  sampled. 

The  movement  of  suckers  consisted  of  a  greater  number 
of  males,  1. 6/1.0  (Figs.  40  &  41).  The  delay  of  their 
movement  until  temperatures  began  to  increase  more  steadily 
complies  with  the  observations  of  Koshinsky  (1979)  and  Geen, 
et  al.  (1966).  Again,  however,  insufficient  data  exists  to 
draw  a  definite  correlation. 

The  length  vs.  weight  relationship  obtained  on  pike  at 
Driedmeat  Lake  (Fig.  42)  compares  favourably  with  that 
outlined  by  Rhude  (1980).  Both  the  male  and  female  pike 
appear  similar  in  the  length  weight  relationship  (Figs  44  & 
45)  . 

The  length  vs.  weight  relationship  of  the  white  sucker 
is  illustrated  in  Fig.  43.  Again,  both  the  males  and 
females  appear  similar  in  this  relationship  (Figs.  46  & 

47)  . 

Aging  by  scales  indicated  an  age  range  for  the  pike  of 
2-6  years,  with  the  modal  age  being  4  years.  White  sucker 
captured  were  from  2-5  years,  with  a  modal  age  of  3  years. 

A  frequency  distribution  of  pike  lengths  at  the 
Driedmeat  counting  fence  (Fig.  48)  approximates  closely 
those  distributions  given  by  Rhude  (1980).  Lengths  ranged 
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Fig.  40  Frequency  polygon  of  male  white  sucker  captured  at 
the  counting  fence,  located  at  Driedmeat  weir. 


Fig.  41  Frequency  polygon  of  female  white  sucker  captured  at 
the  counting  fence,  located  at  Driedmeat  weir. 
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Y  -  ^0~3•ao  +  2-29 (LOG  *> 

I2  -  75.8% 


Fig.  42  A  log-log  length  vs.  weight  plot  of  pike  captured  at 
Driedmeat  Lake. 


r2  *  71.5% 

Fig.  43  A  log-log  length  vs.  weight  plot  of  white  suckers 
captured  at  Driedmeat  Lake. 
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Y  -  1  o-3-80  +  2-39  <LOQ  *> 

r2  -  76.4% 


Fig.  44  A  log-log  length  vs.  weight  plot  of  male  pike 
captured  at  Driedmeat  Lake. 


LENGTH  (mm) 

Y-  10-1-93+  178(LCX3X) 

r2  -  56.7% 

Fig.  45  A  log-log  length  vs.  weight  plot  of  female  pike 
captured  at  Driedmeat  Lake. 
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r2  -  70.0% 


Fig.  46  A  log-log  length  vs.  weight  plot  of  male  white 
sucker  caotured  at  Driedmeat  Lake. 


LENGTH  (mm) 

Y  =  i  q-3.61  +254  <L0G  X) 

r2  -  66.9% 

Fig.  47  A  log-log  length  vs.  weight  plot  of  female  white 


sucker  captured  at  Driedmeat  Lake. 
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LENGTH  (mn) 

Fig.  48  Length  frequency  histogram  of  Driedmeat  pike. 


Fig.  49  Length  frequency  histogram  of  Driedmeat  white 


sucker 
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from  300  mm  to  625  mm,  with  a  mean  of  430  mm.  Although  a 
percentage  cannot  be  given,  evidence  of  sexual  maturity  was 
found  among  those  pike  less  than  400  mm  in  length. 

The  length  frequency  distribution  for  white  sucker  at 
the  counting  fence  (Fig.  49),  illustrates  a  narrower  range 
of  lengths.  All  suckers  captured  were  between  300  mm  and 
500  mm,  with  a  mean  length  of  430  mm. 

6.1.1  Chute  fence 

A  total  of  19  pike  passed  through  the  chute  fence 
during  its  operation  (Table  C.6).  These  results  indicate 
that  pike  ranging  in  length  from  300  mm  to  425  mm  passed 
through  the  5.0  m  long  chute  against  a  mean  velocity  of  0.8 
m/s . 

6.1.2  General  observations 

Prior  to  flow  over  the  stabilization  weir,  large 
numbers  of  dead  pike  and  white  sucker  were  observed 
downstream  of  the  weir. 

As  flow  over  the  stabilization  weir  began,  many  pike 
were  observed  to  spill  over  the  weir  and  swim  downstream. 
Twenty  three  of  these  pike  were  tagged  (see  tag  numbers  103 
-  1025,  appendix  A),  however,  none  of  these  animals  were 
later  recaptured.  All  of  these  pike  were  extremely 
lethargic  in  their  swimming  movements  and  in  handling, 
probably  as  a  result  of  the  low  temperature  and  low 
dissolved  oxygen  conditions  which  prevailed  at  that  time. 
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Overnight  observations  at  the  counting  fence  suggest 
that  the  majority  of  pike  movement  occurred  between  1800  and 
0300  hours.  The  movement  of  white  sucker  appeared  to  be 
more  generalized  over  the  entire  24  hour  period. 

6.1.3  Physical/chemical  measurements 

Measurements  of  temperature,  conductivity,  and 
dissolved  oxygen  indicated  differences  upstream  and 
downstream  of  the  stabilization  weir  (Tables  C.17  &  C.18). 

Temperatures  upstream  of  the  weir  were  generally  1  -  2° 
C  warmer,  probably  due  to  a  warming  of  the  pooled  water. 
Temperatures  ranged  from  0°  C  to  12°  C  during  the  study 
period. 

Conductivity  during  the  month  of  May  has  been  recorded 
at  Ponoka  (on  the  Battle  River)  at  491  micromhos/cm,  this 
corresponding  to  a  flow  of  14.4  m3/s  (H.S.S.,  1979;  W.Q.D., 
1975).  Specific  conductance  during  this  study  ranged  from  a 
low  of  195  micromhos/cm  to  a  high  of  350  micromhos/cm. 

Flows  were  considerably  higher  however,  and  conductance 
generally  declined  as  water  level  increased.  Conductivity 
levels  upstream  and  downstream  of  the  weir  were  slightly 
different  during  the  same  period,  but  no  continuous  trend 
was  observed. 

Dissolved  oxygen  levels  at  the  stabilization  weir  have, 
in  the  past  been  extremely  low  during  ice  cover  (Lowe,  1982, 
person,  comm.).  A  dissolved  oxygen  level  of  1.0  mg/L  was 
recorded  by  Rhude  (1980)  in  March  of  1979.  Dissolved  oxygen 
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during  this  study  ranged  from  a  low  of  2.2  mg/L  (when  ice 
cover  still  existed)  and  increased  to  a  high  of  14.8  mg/L  at 
4.5°  C  (during  high  water  conditions).  Again,  upstream  and 
downstream  concentrations  generally  differed,  but  no 
consistent  trend  was  apparent. 


6.2  Silver  Creek 

The  ANOVA  indicates  no  significant  difference  (5% 
level)  in  the  mean  length  of  white  sucker  moving  through  the 
smaller,  61  cm,  chute  at  the  different  velocity  settings 
(Table  B.1).  Analysis  of  mean  length  of  sucker  moving 
through  the  short  vs.  long  chutes  also  produced  no 
significant  difference  (5%  level) (Table  B.2). 

The  data  indicate  that  white  suckers  in  the  size  range 
of  35  -  47  cm  are  capable  of  moving  up  to  2.5  m  against  a 
velocity  of  up  to  1.4  m/s. 

Several  of  the  suckers  which  moved  up  the  long  chute 
were  timed  in  their  ascent  (manually).  Times  ranged  between 
2.5  and  4  seconds.  If  the  mean  time  of  3.2  seconds  is  used 
together  with  the  maximum  water  velocity  of  1.4  m/s,  this 
indicates  an  average  speed  of  about  2.2  m/s.  This 
observation  compares  favorably  with  the  sustained  and  burst 
speed  estimates  given  by  Bell  (1973)  of  1.7  and  3.0  m/s 
respectively . 

The  suckers  moved  through  the  chute  in  a  side  to  side 
fashion,  to  achieve  a  zig-zag  path  of  ascent.  The  width 
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setting  of  the  chute  (ranging  from  23  to  60  cm)  appeared  to 
have  no  effect  on  the  ability  of  the  suckers  to  swim  through 
it. 

The  length  frequency  distribution  of  suckers  moving 
through  the  two  chutes  at  Silver  Creek  (Fig.  50)  does  not 
differ  markedly  from  the  distribution  found  for  suckers 
captured  at  the  counting  fence  (Fig.  43). 

6.2.1  Other  observations 

Although  pike  were  no  longer  moving  up  Silver  Creek  by 
the  time  the  chute  trap  was  set  up,  observations  on  pike 
were  made  upon  first  investigation  of  the  site  (May  3). 
Dipnetting  revealed  that  pike  were  accumulating  in  the  pool 
below  the  outfall  of  the  elevated  culvert  (Plate  6).  These 
pike  were  in  the  range  of  32  -  50  cm  in  length  (with  a  mean 
of  37  cm).  Three  pike  were  observed  to  jump  out  of  the 
water  immediately  in  front  of  the  culvert  (presumably  in  an 
attempt  to  overcome  the  outfall).  Bell  (1973)  used  the 
following  formula  to  calculate  exit  velocity  for  a  jumping 
fish: 

V  =  ( 2gh) 0 • 5  (10) 

Where : 

V  =  exit  velocity  in  m/s 

g  =  acceleration  due  to  gravity  (9.81  m/s) 
h  =  height  of  the  jump  above  the  water  surface  (m) 

If  the  angle  of  the  exit  is  taken  into  account,  the 
actual  exit  velocity  can  be  calculated  from  the  secant  of 
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Fig.  50  Length  frequency  histogram  of  white  sucker  captured 
Silver  Creek. 
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the  angle  times  the  value  obtained  by  equation  (10). 

However,  the  angle  of  the  exit  in  these  observations  could 
not  be  properly  estimated.  Therefore,  only  equation  (10) 
was  used  in  calculating  these  velocities.  It  should  be 
noted  that  the  actual  exit  velocities  would  be  higher,  since 
the  angle  of  the  exit  appeared  to  be  at  least  30°  or  more. 

The  three  pike  observed  attained  a  maximum  height  of  75 
-  100  cm  during  the  jump.  This  would  indicate  exit 
velocities  of  3.8  to  4.4  m/s. 

A  few  pike  were  also  observed  downstream  of  the 
culvert,  moving  up  through  the  shallower,  fast  flowing, 
portions  of  the  creek.  The  pattern  of  movement  contrasted 
with  that  of  the  suckers  by  being  much  more  rapid,  and 
straight  rather  than  side  to  side.  The  pike  also  tended  to 
move  through  weedy  areas  along  the  bottom  or  close  to  the 
stream  bank,  whenever  possible,  whereas  the  suckers  remained 
more  in  the  main  flow. 

6.2.2  Physical/chemical  data 

Temperatures  in  Silver  Creek  fluctuated  between  5  and 
13°  C.  during  the  study  period.  Conductivity  ranged  from 
395  to  620  micromhos/cm,  increasing  as  water  levels  in  the 
creek  dropped.  Dissolved  oxygen  fluctuated  between  10.6  and 
16.8  mg/L.  A  summary  of  these  three  parameters  for  Silver 
Creek  is  outlined  in  Table  C.9.  None  of  these  parameters 
appeared  to  be  a  contributing  factor  to  the  number  of  fish 
captured  (i.e.  moving  up  the  creek). 
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6.3  Gwynne  washout 

Both  the  pike  and  white  sucker  favoured  the  higher 
velocity  zones  (B  &  C)  as  a  route  of  ascent  over  the  road 
washout.  Both  of  these  zones  also  exhibited  greater  water 
depth  (in  the  high  velocity  zone)  than  the  two  side  zones,  A 
or  D  (Fig.  28) . 

Pike  moving  through  zone  B  during  observation  period  2 

% 

(Table  C.11)  were  timed  (manually)  in  their  ascent  through 
the  high  velocity  zone  up  onto  the  road.  Times  ranged 
between  1  and  3  seconds  for  a  distance  of  about  2.4  m.  If 
an  average  time  of  2  seconds  is  used,  this  would  indicate  an 
overall  average  swimming  velocity  of  3.3  m/s  for  these  pike 
(ranging  in  length  from  30  -  45  cm). 

The  white  suckers  exhibited  much  more  difficulty  in 
overcoming  the  incline.  However,  this  appeared  to  be  almost 
exclusively  due  to  the  shallow  water  conditions.  The  much 
wider  girth  of  the  suckers  resulted  in  several  instances 
where  an  animal  became  stranded  momentarily  on  weeds  or 
gravel . 

Two  suckers  were  observed  to  move  up  the  incline  in  an 
unimpeded  manner.  The  timing  was  much  slower  than  that  of 
the  pike  (between  3  and  4  seconds)  indicating  an  overall 
average  swimming  speed  of  2.7  m/s,  for  specimens  of  30  -  35 
cm  in  length. 

The  pattern  of  movement  for  the  two  species  was  similar 
to  the  patterns  observed  at  Silver  Creek.  The  pike  darted 
over  the  incline  in  a  straight  line,  with  rapid  tail 
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fluctuations  at  a  minimum  of  amplitude.  The  white  sucker 
exhibited  much  larger  amplitude  tail  movements  at  a  slower 
speed,  they  moved  in  the  characteristic  side  to  side 
pattern . 


6.4  Gwynne  culvert 

The  ANOVA  indicates  no  significant  difference  (5% 
level)  in  mean  length  of  the  pike  moving  through  the  culvert 
at  the  differing  water  velocities.  As  well,  the  frequency 
of  different  lengths  is  independent  of  the  different 
velocities  (5%  level),  as  shown  by  the  chi  square  analysis 
(Tables  B.3  &  B.4)  . 

None  of  the  pike  captured  in  the  culvert  trap  (Table 
C.13)  were  actually  observed  to  enter  the  culvert, 
consequently,  no  timings  were  done  on  the  duration  of 
passage . 

Due  to  the  lack  of  a  more  extensive  velocity  profile  on 
the  water  column  in  the  culvert,  little  can  be  said  on  the 
swimming  performance  required  of  the  pike  as  they  moved 
through  the  culvert.  The  situation  was  complicated  further 
by  the  entrapment  of  debris  due  to  a  sag  half  way  along  the 
length  of  the  culvert.  A  steady,  uninterrupted  flow 
appeared  to  exist,  however,  and  pike  between  38  and  51  cm 
passed  through  the  12.4  m  culvert. 

The  work  of  Katapodis,  et  al.  (1978)  indicated  that  the 
lowest  velocities  within  a  corrugated  culvert  appear  along 
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the  bottom,  and  that  these  bottom  velocities  do  not  vary  to 
any  great  extent  along  the  wetted  perimeter.  Observations 
of  pike  at  Silver  Creek  and  Gwynne  washout,  indicate  that 
they  tend  to  move  in  the  zones  of  lowest  velocity  if 
confronted  with  a  choice  of  higher  and  lower  velocities. 

Thus  the  downstream  velocities  given  in  Table  C.12  are  an 
indicator,  at  least,  of  the  minimum  velocities  against  which 
these  fish  swam  during  their  passage. 

It  is  interesting  that  the  length  frequency 
distribution  of  pike  moving  through  the  culvert  (Fig.  51)  is 
skewed  to  the  right.  If  the  length  frequency  distribution 
found  at  the  counting  fence  is  assumed  to  be  available 
downstream  of  the  culvert,  it  would  suggest  that  only  those 
pike  in  the  upper  half  of  the  distribution  were  moving 
through  the  culvert. 


6.5  Steele  Lake 

6.5.1  Pike 

Upon  arrival  at  the  Steele  Lake  site,  it  was  found  that 
the  migration  of  pike  into  the  lake  was  in  progress. 
Indications  were  (Table  C.16)  that  the  run  was  at  its  peak 
or  just  beginning  its  downswing  at  the  time  set  #1  was 
initiated. 

No  manipulation  used  in  the  ladder  during  the  study 
resulted  in  an  obstruction  to  pike  or  white  sucker  passage. 
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Fig.  51  Length  frequency  histogram  of  pike  captured  at  the 
Gwynne  culvert  site. 
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Although  a  trend  toward  increasing  length  with  increasing 
water  velocity  is  apparent  from  the  mean  lengths  given  in 
Table  B.5,  the  ANOVA  indicates  that  no  significant 
differences  existed  (5%  level).  The  chi-square  analysis 
indicates  the  frequency  of  the  different  lengths  of  pike 
observed  to  pass  through  the  ladder  to  be  independent  (5% 
Level)  of  the  velocity  setting  (Table  B.6). 

This  lack  of  significance  is  at  least  partially  due  to 
the  high  degree  of  variability  of  lengths  within  each  of  the 
four  velocity  groupings.  When  all  the  sets  that  were 
utilized  in  the  analysis  of  velocities  are  compared  by 
ANOVA,  as  a  whole,  still  no  significant  differences  are 
apparent  (Table  B.7).  Even  when  it  is  evident  that  no 
significant  differences  existed  among  sets  within  a 
particular  velocity  grouping  (Tables  B.8  to  B.10).  If  any 
significant  difference  were  to  occur,  it  would  be  expected 
at  the  higher  velocities,  since  both  smaller  and  larger  fish 
should  be  able  to  negotiate  the  lower  velocities. 

It  is  at  these  higher  velocities  where  the  greatest 
data  shortage  occurs.  Only  three  sets  occurred  within  the 
fourth  (highest)  velocity  grouping  (Table  C.16)  and  only  one 
of  these  resulted  in  the  capture  of  fish.  Also,  from  Table 
C.16  it  is  apparent  that  the  majority  of  the  sets  within  the 
lowest  velocity  group  occurred  once  pike  numbers  had 
decreased  substantially.  Only  two  sets  were  utilized  in  the 
lowest  velocity  group.  The  majority  of  the  results  occur 
within  the  second  and  third  velocity  groupings.  Analysis  by 
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chi-square  for  independence  indicates  that  the  range  of  pike 
lengths  was  not  independent  of  time  of  day  (P  <  .05),  (Table 
B.12).  This  significance,  however,  may  be  a  result  of  the 
fact  that  the  greatest  number  of  pike  appeared  to  move 
during  1500  to  0300. 

Table  B.13  demonstrates  that  the  various  flow  rates  did 
not  occur  during  each  time  of  day,  in  fact,  many  of  the  sets 
were  run  between  1800  and  0600.  This  anomaly  is  strictly  a 
result  of  the  fact  that  most  maintenance  and  errand 
activities  for  the  project  had  to  be  conducted  during  normal 
working  hours  (i.e.  0600  to  1800). 

The  large  differences  in  the  number  of  sets  (and 
consequently  fish  numbers)  involved  in  each  velocity  class 
may  have  created  a  bias  in  the  analysis.  However,  the  lack 
of  significance  in  each  velocity  group  would  be  independent 
of  this  bias.  Also,  the  ANOVA  done  on  velocity  groups  V2  - 
V4  (at  1501  -  2100)  also  indicates  a  lack  of  significance 
(5%  level)  (Table  B.11).  In  this  case,  fish  numbers  were 
about  the  same  for  each  grouping.  The  confidence  intervals 
about  the  means  followed  a  pattern  similar  to  that  of  the 
overall  ANOVA. 

6. 5. 1.1  Patterns  of  weir  ascent 

The  route  of  ascent  over  each  weir  varied  from 
individual  to  individual,  although  three  general  patterns 
recurred,  these  were: 
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(1)  ascent  through  the  flow  in  the  centre  region  of  the 
weir.  The  pike  would  usually  surface  just  at  the  point 
where  the  nappe  entered  the  lower  pool,  and  would 
immediately  swim  through  the  flow  without  hesitation 
(Plate  7 ) . 

(2)  ascent  at  either  end  of  the  weir.  The  pike 
generally  surfaced  as  in  (1),  however,  it  would  then 
move  across  the  bay  before  darting  over  the  weir  close 
to  the  side  wall  of  the  ladder.  In  this  case,  the  pike 
usually  was  partially  emerged  as  it  moved  over  the 
weir . 

(3)  ascent  by  jumping  over  the  weir.  The  pike 
generally  emerged  in  a  leaping  motion  toward  and  over 
the  weir.  The  point  of  emergence  from  the  lower  pool 
varied  from  just  in  front  of  the  nappe,  to  as  far  as  30 
cm  back  from  the  nappe.  It  appeared  that  it  was 
usually  the  smaller  pike  which  jumped.  Clearance  over 
the  top  of  the  nappe,  during  a  successful  jump,  ranged 
from  partial  submergence  to  as  much  as  30  -  40  cm. 
Patterns  of  movement  similar  to  these  were  also 

described  by  Watters  (1980)  in  his  work  on  the  Gregoire  Lake 
step  and  pool  ladder. 

When  a  pike  ascended  a  weir  in  the  manner  described  in 
1  or  2,  the  motions  of  the  tail  and  body  appeared  quite 
similar  to  those  described  by  Weihs  (1973)  for  the  rapid 
start.  The  initial  stroke  of  the  tail  was  usually  large  in 
amplitude,  however,  stage  3  oscillations  (as  the  fish  moved 
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Plate  7  A  northern  pike  shown  swimming  over  the  weir  and 
into  the  ladder  trap. 
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over  the  weir)  were  much  smaller  in  amplitude  and  too  rapid 
for  the  eye  to  follow  consistently.  The  initial  high 
amplitude  stroke  (in  the  case  of  the  larger  pike)  was 
generally  sufficient  to  lift  the  animal  through  the  nappe. 
The  shorter,  faster  strokes  were  then  used  to  carry  it 
across  the  weir  and  into  the  next  pool.  Generally,  the  time 
required  to  ascend  a  weir  was  1  second  or  less,  although 
this  varied  with  the  size  of  the  pike. 

Variation  also  existed  in  the  overall  pattern  of 
movement  through  the  ladder.  Several  pike  were  observed  to 
move  quickly  through  2  or  3  bays  in  a  row  before  resting. 
These  multiple  weir  ascents  were  accomplished  in  3  to  5  s 
(depending  on  the  number  of  bays  ascended)  with  the  animal 
remaining  in  the  upper  portion  of  the  bay  as  it  moved  from 
one  weir  to  the  next.  Most  pike,  however,  moved  through  the 
ladder  more  slowly,  stopping  to  rest  (presumably)  in  each 
pool  before  attempting  the  next  weir.  Since  most 
observations  on  movements  were  done  when  pike  numbers  were 
greatest,  several  pike  were  constantly  moving  in  and  out  of 
resting  pools  at  any  one  time,  thus  no  indication  of  resting 
times  could  be  summized. 

6.5. 1.2  Other  observations 

During  the  heavier  periods  of  movement  (May  14  -  16) 
large  numbers  of  pike  were  observed  to  congregate  in  front 
of  the  stabilization  weir,  at  the  point  of  the  hydraulic 
jump.  Many  of  these  pike  were  seen  to  leap  at  the  cascade 
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of  water  created  by  the  hydraulic  jump,  sometimes  landing 
heavily  against  the  steel  of  the  stabilization  weir  or 
outside  of  the  ladder.  These  leaps  appeared  to  range 
between  50  and  75  cm,  indicating  an  exit  velocity  of  3.1  to 
3.8  m/s  by  equation  (10).  One  pike  (estimated  at  40  -  50  cm 
in  length)  observed  jumping  in  the  ladder,  hit  the  bottom  of 
a  walking  plank  laid  across  the  top  of  the  ladder.  The 
distance  from  the  water  surface  to  the  plank  was  65  cm, 
indicating  an  exit  velocity  of  at  least  3.6  m/s. 

Another  pike  (estimated  at  50  cm  in  length)  was 
observed  to  swim  into  the  flow  over  the  first  weir,  and 
maintain  its  postion  there  for  at  least  10  seconds  (counted 
manually)  before  continuing  over  into  the  trap.  The 
velocity  over  the  weir  was  measured  as  1.20  m/s. 

No  previous  monitoring  work  has  been  done  on  the  fish 
population  of  Steele  Lake  (Zelt,  1982,  person,  comm.).  The 
length  vs.  weight  relationship  outlined  in  Fig.  52,  however, 
is  similar  to  that  obtained  for  Driedmeat  Lake.  The  length 
of  pike  captured  at  Steele  Lake  ranged  from  380  to  660  mm, 
with  a  mean  of  535  mm  (substantially  different  from 
Driedmeat  Lake).  The  majority  of  pike  captured  fell  in  the 
range  of  450  to  580  mm  (Fig.  53). 

Sexual  condition  was  assessed  for  557  of  the  pike 
captured  in  the  ladder  trap.  Of  these,  466  were  male  and  91 
female  (or  a  ratio  of  about  5/1).  Length/weight 
relationships  for  each  sex  are  presented  in  Figures  54  and 
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Fig.  52  A  log-log  length  vs.  weight  plot  of  pike 
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Fig.  53  Length  frequency  histogram  of  pike  captured  at 
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Of  the  466  males,  4  were  assessed  as  ripe,  381  as  still 
expressing  and  81  as  spent.  Of  the  91  females,  0  were 
assessed  as  ripe,  4  as  still  expressing  and  87  as  spent. 

Ages  of  the  pike  ranged  from  2  to  8  years  (using  both  scales 
and  cleithra)  with  the  modal  ages  being  4  and  5  years. 

6.5.2  White  sucker 

6.5.2. 1  Patterns  of  weir  ascent 

The  pattern  of  movement  over  each  weir  was  much  more 
homogenous  among  the  white  suckers.  Generally,  this  pattern 
can  be  described  by  the  following  sequence: 

(1)  The  sucker  would  move  back  and  forth  just  under  the 
surface  in  front  and/or  behind  the  bottom  of  the 
nappe . 

(2)  When  an  attempt  at  the  flow  was  made,  the  sucker 
would  initially  meet  the  flow  head  on  as  did  the  pike, 
but  would  quickly  begin  moving  laterally  across  the 
nappe  as  it  ascended  (Plate  8).  This  lateral  movement 
would  sometimes  occur  in  both  directions,  with  the  fish 
first  moving  to  one  side  and  then  switching  directions. 
As  a  result  of  this  lateral  motion,  the  overall  ascent 

lasted  from  2  to  5  s.  No  sucker  was  ever  observed  to 
attempt  to  move  over  two  weirs  successively  without  a  rest. 

The  motions  of  the  tail  and  body  were  similar  to  that 
of  the  pike  for  the  initial  stroke.  However,  subsequent 
stage  3  oscillations  continued  to  be  of  a  large  amplitude 
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Y  -  i  o-4-26  +  2  65  (LOG  X) 
r2  -  88.3% 

Fig.  54  A  log-log  length  vs.  weight  plot  of  male  pike 
captured  at  Steele  Lake. 
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Fig.  55  A  log-log  length  vs.  weight  plot  of  female  pike 


captured  at  Steele  Lake 
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Plate 


8  A  white  sucker  shown 


swimming  over  the  #1 


weir  and 


into  the  ladder  trap  at  Steele  Lake 
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stroke  (Plate  9).  For  the  suckers,  the  initial  stroke  never 
carried  the  animal  as  far  into  the  nappe  as  with  the  pike. 
Resting  times  between  ascents  varied  from  5  to  15  minutes. 

Sexual  condition  was  assessed  for  51  white  suckers 
captured  in  the  ladder  trap.  Of  these,  31  were  male  and  20 
were  female  (a  ratio  of  about  1.5/1).  Of  the  31  males,  29 
were  ripe,  1  still  expressing  and  1  spent.  Of  the  20 
females,  0  were  ripe,  0  were  still  expressing,  3  were 
assessed  as  spent,  and  17  were  considered  to  be  still  in  a 
non-ovulating  state. 

As  with  the  pike,  it  appeared  that  the  white  suckers 
were  capable  of  ascending  the  fishladder  under  all  the 
velocity  conditions  produced.  The  length  of  suckers 
captured  ranged  from  350  mm  to  540  mm,  with  a  mean  of  415 
mm.  The  suckers,  however,  appeared  to  undergo  greater 
stress  than  pike  in  their  ascent  of  the  ladder. 

6.5.3  Physical/chemical  data 

Ice  break  up  occurred  on  Steele  Lake  about  May  11  or  12 
(Yanicki,  1982,  person,  comm.).  Upon  arrival  at  the  site  on 
May  14,  water  temperatures  were  already  11°  C.  Temperature 
increased  slightly  until  May  19,  and  then  stabalized  in  the 
13  -  16°  C  range  for  the  remainder  of  the  study. 

Temperatures  upstream  and  downstream  of  the  weir  varied 
little  (Tables  C.19  &  C.20). 

Specific  conductance  fluctuated  little,  remaining 
between  185  and  210  micromhos/cm  throughout.  Upstream  and 
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Plate  9  A  white  sucker  shown  moving  through  the  orifice  set 
up  of  manipulation  #10  at  Steele  Lake. 
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downstream  values  varied  little. 

Dissolved  oxygen  remained  fairly  consistent  throughout, 
ranging  from  9.3  to  14.5  mg/L.  Again,  little  difference  was 
observed  between  upstream  and  downstream  values. 

6.5.4  Velocity  profiles  and  discharge 

The  profiles  provided  in  Figs.  C.1  -  C.4  indicate  a 
submerged  condition  of  the  weirs  throughout  the  study. 
Consequently,  a  streaming  flow  was  characteristic  to  all 
eight  of  these  manipulations,  with  only  minimal  velocities 
in  the  lower  layers  of  each  bay,  and  little  energy 
dissipation  between  weirs.  This  streaming  flow  appeared  to 
predominate  even  at  head  levels  as  low  as  15  cm.  This  is  in 
contrast  to  the  head  levels  given  by  Pretious,  et  al.  (1957, 
cited  in  Clay,  1961)  of  30  cm  or  less  for  plunging  flow  and 
greater  than  35  cm  for  streaming  flow. 

Although  such  authors  as  Jens  (1973)  advise  against  the 
streaming  flow,  submerged  weir  condition,  it  did  not  appear 
to  affect  the  ability  of  either  the  pike  or  sucker  to 
successfully  ascend  the  ladder.  As  well,  at  the  lower  head 
levels  (in  the  ladder)  the  velocity  of  the  attraction  water 
leaving  the  ladder  was  sharply  decreased  (Figs.  C.1  -  C.4, 
and  Plate  1 0A  &  B)  although  insufficient  data  are  available 
to  determine  if  this  was  a  factor  in  the  ability  of  the  fish 
to  find  the  ladder. 

No  profiles  were  done  on  manipulations  9  &  10,  however, 
observations  were  noted.  Flows  during  manipulation  9  were 
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Plate  10  Entrance  of  Steele  Lake  ladder  during  set  #20 


(above)  and  set  #47  (below) 
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reduced  considerably  (Table  C.16)  and  a  free  flow  of  the 
nappe  established.  However,  very  few  fish  were  captured 
during  these  sets. 

Manipulation  10  was  similar  in  its  flow  characteristics 
to  manipulations  1  through  8.  The  main  difference  being  in 
the  installment  of  the  orifice  over  the  number  2  weir.  Both 
pike  and  white  sucker  were  observed  to  swim  through  this 
orifice,  against  the  1.6  m/s  (mean  velocity)  flow. 

From  Plate  11  it  can  be  seen  that  the  fishladder  at 
Steele  Lake  is  a  structure  of  substantial  size  in  comparison 
with  the  stabilization  weir  as  a  whole.  The  width  of  the 
ladder  is,  in  fact,  22%  of  the  width  of  the  main  weir. 
Consequently,  discharge  through  the  ladder  often  equaled  or 
exceeded  the  discharge  over  the  adjacent  weir  (Table  C.15), 
depending  on  the  number  of  stop  logs  placed  on  top  of  the 
first  weir,  and  the  level  of  the  lake  itself. 


6.6  Tag  Recaptures 

All  tagged  fish  recaptured  by  anglers  are  summarized  in 
Tables  C.21  &  C.22  (Sloman,  1982). 

At  both  the  Driedmeat  and  Steele  Lake  locations,  no 
fish  died  during  tagging  operations  and  all  appeared  to 
recover  quickly  once  released.  The  recapture  data  indicate 
that  some  of  the  pike,  at  least,  survived  the  tagging 
operation  in  the  longer  term. 
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Plate 


11  Steele  Lake  stabilization  weir  and  fishladder, 


looking  upstream 
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6.6.1  Driedmeat  Lake 

Several  of  the  pike  tagged  at  the  Gwynne  culvert  site 
subsequently  moved  upstream  into  Pipestone  Creek,  where  they 
were  caught  below  the  Coal  Lake  spillway. 

6.6.2  Steele  Lake 

Tagging  results  suggest  that  most  of  the  pike  tagged  at 
the  ladder  moved  into  the  lake  for  the  duration  of  the 
summer.  One  recapture,  however,  (tag#  10454)  was  caught 
about  1  month  later  in  the  Pembina  River,  approximately  80 
km  (by  water)  from  the  weir  site. 
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7.  Summary  and  Conclusions 

The  flood  conditions  which  took  place  at  Driedmeat  Lake 
rendered  the  step  and  pool  fishladder  inoperable.  However, 
due  to  the  extent  of  the  flooding,  both  pike  and  white 
sucker  were  able  to  migrate  up  into  the  lake  by  moving 
around  the  weir. 

Except  for  the  delay  in  the  migrations,  biological  data 
(such  as  length  vs.  weight  relationships)  are  in  agreement 
with  the  work  of  Rhude  (1980).  The  extent  of  the  white 
sucker  movement  appeared  to  be  greater  than  that  of  the 
pike. 

Due  to  the  inoperative  nature  of  the  fishladder  at 
Driedmeat,  alternative  performance  studies  on  pike  and  white 
sucker  were  conducted. 

The  performance  of  white  sucker  was  assessed  at  Silver 
Creek  by  directing  the  fish  to  swim  through  a  "venturi-like" 
chute  device,  which  was  monitored  for  water  velocity.  Pike 
movements  were  monitored  here  as  well,  including 
observations  on  jumping  ability. 

Both  pike  and  white  sucker  were  observed  to  swim 
through  a  wide  range  of  velocities  at  a  road  washout  near 
the  town  of  Gwynne.  Pike  were  also  found  to  pass  through  a 
12  m  long  road  culvert  at  this  same  location. 

Observations  on  pike  swimming  performance  at  the 
various  sites  involved  in  the  study,  support  the  high  burst 
speed  capabilities  suspected  of  this  species.  At  no  time 
was  a  flow  produced  which  totally  blocked  the  passage  of 
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pike  or  white  sucker.  Although  observations  indicate  the 
ability  of  white  sucker  to  navigate  all  flows  that  were 
produced,  the  burst  speed  performance  of  this  species 
appears  to  be  inferior  to  that  of  the  pike. 

The  high  initial  acceleration  of  pike  during  a  darting 
movement  (Weihs,  1973  &  Webb,  1980)  would  appear  to  be  the 
key  to  their  success  in  short  distance,  short  duration 
sprints  against  high  water  velocities.  The  use  of  quick, 
low  amplitude  tail  movements  after  initial  acceleration 
allows  the  pike  to  maximize  the  advantage  of  its  torpedo 
shape  during  sprint  movements. 

This  high  initial  acceleration  appears  most  evident  in 
the  jumping  ability  of  the  pike,  demonstrating  exit 
velocities  of  3.1  to  4.4  m/s  for  pike  of  300  to  500  mm  i.n 
length.  The  observation  at  the  Gwynne  washout  of  pike  to 
move  at  3.3  m/s  over  a  distance  of  2.4  m  indicates  that  this 
level  of  performance  is  sustainable  for  at  least  1  to  2 
seconds  and  distances  of  2  to  3  m. 

From  these  observations  of  pike  performance  at  the 
Driedmeat  study  sites,  it  would  be  expected  that  the  pike 
should  perform  reasonably  well  in  a  step  and  pool  fish 
ladder  situation,  where  burst  levels  of  swimming  activity 
are  required  for  only  very  short  distances  (less  than  1.0 
m) .  In  fact,  this  is  what  was  observed  at  the  Steele  Lake 
ladder,  where  the  pike  were  able  to  overcome,  without 
apparent  stress,  critical  nappe  velocities  within  the  ladder 
of  up  to  3.0  m/s.  The  lack  of  significance  in  mean  length 
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of  pike  at  the  different  velocities  demonstrates  that  pike 
of  350  mm  in  length  and  greater  are  capable  of  moving 
through  the  ladder  under  the  flow  conditions  which  existed. 

The  streaming  flow  conditions  which  did  exist  in  the 
ladder  seemed  to  have  little  effect  on  the  ability  of  the 
pike  (or  sucker)  to  move  through  the  full  length  of  the 
ladder.  In  fact,  several  pike  were  observed  to  quickly  move 
over  two  or  three  weirs  in  a  row  (2  to  3  m)  without 
stopping.  During  these  extended  maneuvres,  the  pike 
remained  in  the  upper  (higher  velocity)  zones  of  the  bays. 
This  indicates  a  probable  speed  of  1.5  to  2.0  m/s. 

The  movement  of  both  the  pike  and  sucker  through  the 
ladder  appeared  to  be  unimpeded  by  the  presence  of  light 
(i.e.  lack  of  a  covering  over  the  ladder)  or  even  the 
presence  of  the  investigators  overhead,  observing  their 
movements.  Table  B.12  indicates  that  the  largest  number  of 
pike  were  captured  during  the  latter  half  of  the  day  (1500  - 
0300)  demonstrating  an  apparent  preference  in  diel 
movements.  Koshinsky  (1979)  however,  found  no,  "consistent 
diel  migratory  behavior",  in  Lac  la  Ronge  pike,  although  his 
comparison  was  strictly  between  times  of  darkness  and  times 
of  light.  Hildebrand  (1980)  on  the  other  hand  indicates 
that,  "it  is  generally  assumed  that  fish  do  not  move 
actively  during  darkness.".  The  most  preferred  hours  of 
movement  at  Steele  Lake  included  both  daylight  and 
darkness.  Interestingly,  a  similar  pattern  of  movement  was 
observed  at  the  Driedmeat  counting  fence.  Pike  appeared  to 
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move  most  actively  between  1800  and  0300  hours. 

Summary  of  all  observations  on  pike  swimming 
performance  would  indicate  that  this  species  (for 
individuals  400  mm  and  longer)  is  capable  of  swimming  at 
speeds  of  2.5  to  3.0  m/s  over  distances  of  2  to  3  m  (more  or 
less)  depending  on  water  velocity.  In  the  case  of  very 
short  term  bursts  of  speed  (such  as  jumping  or  moving 
through  the  nappe  over  a  weir)  pike  appear  to  be  capable  of 
attaining  velocities  as  high  as  4.0  m/s  or  more,  depending 
on  fish  length. 

These  data  support  the  findings  of  Bainbridge  (1958), 
Gray  (1957)  and  others,  that  burst  speed  swimming  is  a  short 
duration  activity.  Bainbridge  (1960)  concluded  that  fish 
can  generally  maintain  a  burst  speed  performance  of  10 
lengths/s  for  up  to  1  s,  and  5  lengths/s  for  up  to  10  s. 
Hildebrand  (1980)  indicates  8  lengths/s  as  a  burst  speed 
criterion.  The  regression  (Fig  13)  on  the  burst  speed 
performance  data  summarized  by  Beamish  (1978)  also  indicates 
a  burst  speed  capability  of  10  lengths/s,  although  times 
were  not  specified. 

In  this  study,  exit  speeds  of  jumping  pike,  as  well  as 
observations  at  the  Steele  Lake  ladder,  indicate  that  pike 
lie  in  this  range  of  8  to  10  lengths/s  for  periods  of  1  s  or 
less.  Longer  term  performance  is  less  clear,  although  one 
50  cm  pike  was  observed  to  maintain  a  speed  of  1.2  m/s  for 
10  s  at  Steele  Lake. 
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Such  swimming  performance  has  implications  when 
considering  the  use  of  other  fishladders  such  as  the  denil, 
for  the  passage  of  pike.  Depending  on  the  velocity  of  the 
water  moving  through  the  denil,  the  ability  of  the  pike  to 
maneuvre  the  ladder  will  depend  on  its  length.  For  example, 
these  data  suggest  that  a  30  cm  pike  may  be  capable  of 
moving  3  to  4  m  against  velocities  of  1  to  2  m/s.  Thus,  it 
may  be  necessary  to  provide  resting  pools  in  the  denil  every 
4  or  5  m  depending  on  the  water  velocities  which  can  exist 
in  the  ladder. 

As  indicated,  the  burst  speed  capability  of  the  white 
sucker  appeared  to  be  inferior  to  that  of  the  pike.  At  the 
Steele  Lake  ladder  for  instance,  a  greater  number  of  sucker 
(on  a  proportional  basis)  were  observed  to  fail  in  attempts 
at  moving  over  a  weir,  than  with  the  pike.  At  the  higher 
velocities,  it  appeared  that  the  inability  of  the  suckers  to 
attain  the  same  high  initial  acceleration  of  the  pike,  was  a 
major  reason  for  their  poorer  performance  in  moving  up 
through  the  nappe. 

The  lack  of  other  biological  data  for  pike  at  Steele 
Lake  is  important  in  terms  of  the  high  mean  length  of  pike 
captured  at  the  fishladder  (535  mm).  The  mean  length  of 
pike  captured  in  other  Alberta  lakes  by  such  techniques  as 
angling,  tends  to  lie  between  400  and  500  mm  (Mackay,  1982, 
person,  comm.).  If  the  actual  mean  length  of  pike  in  Steele 
Lake  lies  in  this  range,  the  results  obtained  for  the 
fishway  may  indicate  a  size  bias  for  larger  pike. 
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The  depressed  movement  of  pike  through  the  Fawcett  Lake 
step  and  pool  ladder  observed  by  Minchau  (1980)  may  have 
been  a  function  of  either  flow  characteristics  or  the 
downstream  tagging  operation  carried  out  on  approaching 
pike.  The  data  of  this  study  suggest  that  the  velocities 
throughout  the  Fawcett  ladder,  as  recorded  by  Minchau, 
should  have  been  within  the  performance  capability  of  pike. 
Also,  the  velocity  profiles  of  Minchau  suggest  a  streaming 
flow  pattern,  as  was  the  case  at  Steele  Lake.  At  Steele 
Lake,  this  type  of  flow  seemed  to  exhibit  little  observable 
effect  on  the  performance  of  the  fish.  It  appears  that  the 
prior  tagging  of  the  pike,  before  ascent  of  the  ladder,  may 
have  affected  their  performance. 

Of  50  pike  captured  (between  May  23  and  26)  in  the 
Steele  Lake  ladder  trap,  tagged,  and  released  downstream, 
only  3  were  subsequently  recaptured  again  in  the  ladder 
trap.  However,  for  37  white  sucker,  tagged,  and  released 
downstream  (during  the  same  period)  8  were  recaptured  again 
in  the  ladder  trap.  One  of  these  was  recaptured  twice,  the 
first  time  within  12  hours  of  release. 

Finally,  although  both  pike  and  sucker  were  able  to 
navigate  the  step  and  pool  fishladder  at  Steele  Lake,  two 
factors  need  to  be  considered  for  the  interpretation  of  this 
success . 

First,  it  is  unclear  as  to  what  percentage  of  the  pike 
which  were  attempting  to  move  into  the  lake,  actually  found 
the  ladder  entrance.  It  is  clear  that  many  individuals  were 
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delayed  (and  possibly  injured)  at  the  hydraulic  jump  of  the 
weir . 

Second,  the  step  and  pool  ladder  remained  operational 
throughout  the  study  only  because  of  the  constant 
maintenance  provided.  Without  the  maintenance  the  ladder 
could  have  easily  become  inoperable  due  to  debris  build-up 
or  a  sudden  drop  in  water  levels  or  if  spring  runoff  were 
below  average. 


8.  Recommendations 


All  recommendations  given  will  apply  mainly  to  the 
Steele  Lake  fishladder,  since  it  was  the  only  ladder  which 
was  functioning  during  the  investigation  of  the  two  sites. 

The  inadequacy  of  the  step  and  pool  fishladder  to 
handle  fluctuations  in  water  levels  and  remain  operable 
without  monitoring  throughout  the  fish  run,  was  apparent  at 
Steele  Lake.  A  substantial  amount  of  maintenance  was 
required  throughout  the  monitoring  period  to  ensure  that  the 
ladder  remained  functional.  Observations  indicate  that  a 
large  number  of  pike  actually  missed  the  ladder  entrance  in 
their  upstream  approach,  and  may  have  wasted  excessive  time 
at  the  hydraulic  jump  (possibly  injuring  themselves)  before 
finding  the  entrance. 

Even  though  the  Steele  Lake  ladder  did  pass  fish  during 
this  study,  there  are  some  changes  that  could  be 
implemented,  which  I  believe  would  improve  it's  efficiency. 

(1)  The  entrance  to  the  ladder  should  be  moved  upstream 
so  as  to  lie  more  in  line  with  the  crest  of  the 
spillway  created  by  the  hydraulic  jump.  The  exact 
distance  of  relocation  will  depend  on  the  average  and 
maximum  heads  which  can  be  expected  according  to 
hydrographic  records.  This  should  ensure  that  the 
majority  of  fish  will  find  the  ladder  entrance  more 
easily . 

(2)  The  exit  of  the  ladder ‘ should  be  moved  further  back 
from  the  stabilization  weir,  so  as  to  prevent  the 
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possibility  of  fish  being  swept  back  downstream  once 
they  emerge  from  the  ladder.  If  (1)  above  were 
implemented,  this  would  automatically  result  in  the 
relocation  of  the  exit  further  upstream. 

(3)  A  trash  rack  should  be  included  in  the  design. 

This  would  assist  in  preventing  debris  buildup  in  the 
ladder. 

(4)  Easier  access  should  be  provided  to  the  fishway  for 
monitoring  purposes.  This  would  include  a  walkway  from 
the  shore  area  out  to  the  structure,  as  well  as  a 
covering  over  the  fishway  (preferably  panels  of  steel 
grating ) . 

(5)  Provisions  should  be  made  for  monitoring  fish 
movement.  This  could  be  done  through  the  use  of  a 
resting  bay  just  prior  to  the  exit  of  the 

ladder.  Provisions  for  a  portable  trap  should  also  be 
considered  for  periods  when  water  clarity  is  reduced. 
Since  no  assessment  could  be  done  on  fish  passage 
through  the  Driedmeat  ladder,  few  specific  suggestions  can 
be  made  in  this  regard.  However,  it  is  apparent  that  this 
ladder  is  also  very  sensitive  to  water  level  changes 
(because  of  its  step  and  pool  design). 

The  use  of  stop  logs  to  make  up  the  weirs  of  the  ladder 
demonstrated  specific  flaws.  It  was  found  that  as  ice 
breakup  occurred,  and  ice  flows  moved  downstream,  several  of 
these  flows  moved  through  the  ladder.  As  the  flows  moved 
through  the  ladder,  they  would  strike  the  top  logs  of  the 
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weirs,  eventually  jarring  loose  the  wedges  which  held  the 
logs  in  place.  This  in  turn  permitted  the  logs  to  float  up 
and  escape  from  the  ladder.  This  problem  could  be  solved  by 
installation  of  a  trash  deflector  upstream  of  the  ladder. 

The  flood  level  conditions  which  occurred  at  Driedmeat 
demonstrate  what  can  happen  when  the  top  elevation  of  the 
fishladder  is  only  30  cm  above  that  of  the  stabilization 
weir.  Fortunately,  in  the  case  of  Driedmeat,  the  contours 
of  the  land  at  the  edges  of  the  outlet  are  shallow  enough  to 
permit  access  (for  the  fish)  around  the  weir  at  high  flows. 

Finally,  the  migration  of  pike  into  Steele  Lake 
provides  an  excellent  opportunity  for  in  situ  studies  on 
pike  (and  white  sucker)  swimming  performance,  for  the 
following  reasons. 

(1)  The  migration  is  quite  extensive  (it  appears  that 
during  the  peak  movement,  at  least  60  pike  were  moving 
through  the  ladder  every  hour). 

(2)  The  combination  of  the  fishladder  and  stabilization 
weir  appear  to  regulate  water  levels  quite  well. 

French  Creek,  immediately  downstream  of  the  weir, 
remained  fairly  shallow  and  reasonably  clear  throughout 
the  migration. 

(3)  The  site  is  located  within  a  provincial  park,  and 
has  good  access  by  vehicle. 

Due  to  the  shallow  nature  of  the  creek,  the  site  would 
be  appropriate  for  the  installation  of  an  in  situ  monitoring 
device  to  measure  fish  swimming  performance.  The  device 
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could  be  designed  similar  to  the  Driedmeat  chute  fence  (Fig. 
24).  Fish  moving  upstream  would  be  led  into  the  chute  by 
downstream  wings.  Water  velocities  within  the  chute  could 
be  controlled  by  the  funnelling  effect  of  the  upstream 
(plywood)  fence,  as  well  as  the  width  setting  of  the  chute. 
One  or  more  water  pumps  could  also  be  used  to  increase 
velocities  moving  through  the  chute. 

This  site  would  also  provide  a  good  opportunity  to 
study  the  performance  of  pike  in  a  denil  or  vertical  slot 
fishway,  if  the  present  step  and  pool  were  replaced,  as 


recommended. 


. 
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Appendix  A 


A* 1  Driedmeat  Lake  Data 

A  list  of  all  relevant  fish  data  collected  at  the 
Driedmeat  study  sites  is  provided.  These  sites  include: 

(1)  Driedmeat  counting  fences 

(2)  seining  results 

(3)  Silver  Creek 

(4)  Gwynne  culvert 

The  data  are  arranged  according  to  tag  number,  with 
eight  parameters  listed  for  each  specimen.  These  parameters 
are  defined  as  follows: 

(1)  Tag  -  The  fluorescent  red  (Dept,  of  Environment) 
tags  are  given  the  prefix  ”10",  followed  by  the 
relevant  digits  of  the  tag. 

(eg.)  10153  corresponds  to  tag  #B000153. 

The  white  (Dept,  of  Fish  and  Wildlife)  tags  are  given 
the  prefix  "20"  followed  by  the  relevant  digits  of  the 
tag . 

(eg.)  202250  corresponds  to  tag  #R02250. 

(2)  Species  -  The  number  "1"  refers  to  northern  pike 

(Esox  lucius). 

The  number  "2"  refers  to  white  sucker  ( Catastomus 
commerson i i) . 
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(3)  Location  -  "1"  refers  to  the  Driedmeat 
stabilization  weir,  counting  fence  and  chute  fence. 
"2"  refers  to  downstream  of  the  Driedmeat  stabilization 
weir  (eg.  seine  hauls). 

"3"  refers  to  Silver  Creek 
”4"  refers  to  Gwynne  culvert. 

(4)  Sex  -  A  two  digit  number.  The  first  number  defines 
sex : 

1  =  male 

2  =  female 

3  =  unknown 

The  second  number  defines  sexual  condition: 

0  =  unknown 

1  =  ripe 

2  =  Expressing 

3  =  partial  express  (probably  spent) 

4  =  spent 

5  =  non-ovulating 

For  example,  14;  refers  to  a  male,  spent. 

(5)  Time  -  Refers  to  the  time  of  release  on  the  24  hour 
clock . 

(6)  Date  -  Refers  to  the  date  of  the  tagging.  The  date 
is  listed  in  the  order  of;  day/month/year,  with  each 
category  seperated  by  the  digit  ”0". 
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(eg.)  3004082  designates  the  30th  day  of  the  4th 
month  of  the  year  1982. 

(7)  Length  -  The  length  of  the  fish  in  millimeters. 

(8)  Weight  -  The  weight  of  the  fish  in  grams. 


Note:  In  cases  where  data  are  missing  or  none  was  taken 
a  series  of  *'s  are  given. 


TAG  SPECIES  TIME  DATE  LOCATION  SEX  LENGTH  WEIGHT 


178 


# 

# 

* 

# 

# 

# 

# 

# 

* 

* 

* 

# 

tt 

• 

# 

# 

# 

# 

* 

* 

# 

# 

# 

# 

# 

# 

# 

# 

# 

# 

# 

# 

* 

* 

# 

* 

w 

# 

* 

* 

* 

* 

# 

# 

* 

* 

* 

* 

* 

* 

* 

# 

* 

# 

* 

* 

* 

o 

* 

* 

* 

* 

# 

* 

* 

* 

* 

# 

* 

* 

# 

# 

# 

* 

* 

# 

# 

* 

tt 

* 

# 

# 

# 

* 

# 

* 

* 

* 

# 

# 

* 

* 

# 

* 

* 

# 

* 

* 

# 

* 

# 

# 

* 

* 

* 

# 

* 

# 

* 

* 

* 

* 

# 

* 

* 

* 

* 

# 

# 

# 

* 

* 

# 

tt 

* 

* 

tt 

* 

■# 

*# 

# 

* 

* 

* 

* 

# 

# 

# 

# 

* 

# 

* 

# 

N 

* 

■# 

* 

* 

# 

# 

# 

# 

* 

* 

# 

* 

# 

* 

* 

# 

* 

* 

# 

* 

# 

# 

# 

* 

# 

* 

* 

tt 

# 

# 

# 

# 

# 

* 

# 

* 

# 

# 

# 

* 

# 

# 

* 

* 

* 

# 

# 

* 

# 

# 

* 

* 

* 

# 

* 

# 

# 

* 

# 

# 

* 

* 

# 

* 

# 

* 

# 

# 

# 

# 

* 

* 

# 

# 

* 

# 

* 

# 

# 

* 

• 

# 

# 

* 

# 

# 

* 

# 

# 

# 

# 

# 

* 

* 

tt 

# 

. 

# 

* 

# 

• 

tt 

# 

* 

# 

m 

# 

* 

# 

tt 

# 

*■ 

* 

«* 

•* 

# 

# 

*• 

* 

tt 

* 

N 

* 

* 

* 

* 

* 

* 

# 

# 

# 

# 

# 

o 

* 

# 

in 

# 

* 

* 

# 

•* 

* 

* 

# 

* 

# 

* 

* 

# 

* 

* 

# 

# 

•» 

# 

* 

CO 

# 

# 

* 

# 

# 

# 

* 

* 

# 

* 

# 

■# 

# 

* 

# 

* 

* 

* 

# 

# 

# 

* 

CO 

# 

# 

* 

# 

# 

# 

* 

* 

# 

* 

* 

# 

« 

# 

# 

n 

# 

* 

* 

# 

* 

# 

« 

* 

* 

# 

* 

* 

* 

* 

# 

* 

* 

# 

9 

# 

* 

# 

# 

* 

# 

* 

# 

# 

* 

* 

# 

# 

* 

# 

* 

# 

# 

# 

# 

* 

* 

# 

* 

# 

# 

# 

* 

# 

# 

* 

# 

# 

* 

# 

OOOOOOOOOOOOO^-OOOOOOOOOO^-OOOW’-WO'^'-'-OO’-’-'^OOW 

no  nonnoonnonoNnnnn(')nnc,)«nNno«*-N’*(,)»-M’-wo*-NNon»- 


N«NWMNNN(MMWNN’-«NNWN««NWNNNNWNN»-NNN»-NNNN^NNNN 


NNNNNNWNNNNNNNN 

ooooooooooooooeooooooooooooooo 

OOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOO 

NNNNNNNNNNNNN*-N 


NCSMNNNC<CMC4NCMC<IMC< 

COCOGOCOCOCOOOCOCOCOCOCOCOCO 

oooooooooooooo 

oooooooooooooo 

^^wT-^<r^^^00T‘T"0 
N  N  N  N  N  N  N  N  N  C*>  «  n 


NNNNNNNNNNNNNNN 

cococooooocococococooococoooco 

OOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOO 
O'-OOO'^OOOOC0OOOO 
n  non  noon  nnnn 


(DMn^»-«OMno)NinMnoinO’-(D’-M,M«o^c*‘»-inioin(DCNtnnofflno«ooin 
nnONwn^'CiniDOOOn’-’-NNNnnnnMnnnnnnNnwinNiniflwinNonnn 
ccMe0C0C000M00000)0)e)0)(»0)(B®0)O)Ci)0>0)0>O^^^OO®OOO0>OO^On^»'’“’- 
y-’r-’r-r-’w-y-^w-'r-f-t-  i-  ■»“  *-  r-  y-  y-  i-  y-  y-  v  N  N  -N  N  N  N  NNN  NNNN  NNNN 


N  *-<*•*-  N 


^MC)^infflcooo)0’-Nninfflccoo>0’-NP>M'inM'intD(DCM(no»’Nc,)'tfin(Dccoo)0’-n 

ooooooooo»-»-’-’'’-’-’-’"’-NNNNNNiDininininininio(Dio(0(D(DttiiDiDioccc 

»-»-»-»-<r-^^--r-^oOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


12. 


. 


TAG  SPECIES  TIME  DATE  LOCATION  SEX  LENGTH  WEIGHT 


179 


#  #  * 
#  *  * 
#  *  fl¬ 
it  *  fl¬ 
it  *  a 


*  ■*  * 
a  *  a 
a  a  a 
#  a  a 
a  A  A 


A  A  A 
AAA 
if  if  * 
if  if  if 
if  if  if 


if  if  if 
if  if  if 
if  if  if 
if  if  if 
if  if  if 


if  if  if 
if  if  if 
AAA 
if  if  if 
if  if  if 


if  if  if 
if  if  if 
if  if  if 
if  if  if 
AAA 


if  if  if 
AAA 
if  if  if 
if  *  if 
if  if  if 


if 

if 

if 


if  if  if  if  if 

if  if  if  if  if 

if  if  if  if  if 

if  if  if  if  if 

if  if  if  if  if 


if  if 
if  if 
if  if 
if  if 
if  if 


if 


if 

if 


if  if 
if  if 
if  if 
if  if 
if  if 


if  if 
if  if 
if  if 
if  if 
if  if 


if  if  if  if 
A  A  A  A 
if  if  if  if 
if  if  if  if 
if  if  if  if 


A  A  A  A  A  A 

if  if  if  if  if  if 

if  if  if  if  if  if 

if  if  if  if  if  if 

if  if  if  if  if  if 


if 

if 

if 

if 

* 

# 

if 

if 

• 

* 

# 

• 

* 

• 

if 

if 

* 

o 

# 

• 

# 

if 

if 

* 

# 

* 

# 

if 

* 

if 

if 

O  if 

* 

O  * 

* 

# 

# 

# 

* 

O  if 

CM 

tt 

# 

# 

O  if 

r-  cm  o  O  O  O  O 

* 

* 

if 

A 

if 

if 

if 

if 

# 

tt 

r- 

# 

# 

CO 

* 

if 

* 

CM 

* 

if 

tt 

(O 

if 

I-* 

if 

C" 

* 

in 

* 

co  f  cm  n  o)  id  <o 

* 

if 

# 

* 

# 

if 

if 

# 

# 

* 

C9 

if 

# 

09 

* 

# 

09 

* 

# 

# 

09 

* 

if 

ff 

* 

09 

# 

09  09  09  in  09  NT  ^ 

* 

if 

* 

if 

# 

* 

* 

A 

A 

* 

* 

if 

* 

if 

# 

# 

# 

if 

# 

* 

# 

# 

in  o  in  o  in  n 
(0  n  «  oo  in  oi 

09  09  09  09  09  09 


O'-OCNNNONN’-OOOOOlNOONOO’-’-NN'-NNO’-N’-O’-’-’-’-OCSNN’-N’- 
09.  CN09*-»-'«-09*-'*-CM09  09  09  09  09'*-09e9e>l0909'*'*CMC4T-tM'*-'*-09N^CM09C>l*-*-CMN*“»-»-eM'*-CM 


NNNNOIN«MM»'^N^»-OIMf-’-NN»-«’-«M’-W^M*-f090909n09nO)0)0909’-n»- 


CNCNCNCNONCNCNCNCNCNCNCNCNCNCN 

cooocooococoooaocococococooooo 
OOOOOOOOOOOOOOO 
^-nininininininininininininin 
OOOOOOOOOOOOOOO 
oo»-’-»-’-’-’-»-nnNnp)n 
09  09 


CMCMCNC<4CMCNCM<N<NCNCSCNCNCN 

cococococococococococooococo 
OOOOOOOOOOOOOO 
inininininininininininininm 
OOOOOOOOOOOOOO 
»-09  09'*-CN09CN09CNCN09CN09CN 


CNCNCNCNCNCNCNCNCNCNCNCNCNCNCN 

cococococococooocooocococococo 

OOOOOOOOOOOOOOO 

ininininininininintnininininin 

OOOOOOOOOOOOOOO 

0909090909C009C009090909^09^ 


in*-»-cNO'^cN'*-oooooooinooinoooo^-'»oinoinoooo)C9»-or»r^innr^ooo 
nnooooooONOONOOCNNOcNOcN^N^^cN^cN^NNninoPi’-ONiMn^ono 
yyyyyyyy.  t-COCOCOOOOOCO'^COCO^“COCO^CO^,'-CO'»,-CO^,OOCOCNCNC9C9C9  09  C9C9C9C90)^,<J) 
CNCNCNCNCNCNCNCNCN  CM  CM  CM  CM  CM  CM  CM  yyyyyyyyyy  y 


CM  ■*“  CM  CM  CM  CM 


^■in(Dr'O)O'^CNC9’<r'a-in(DtDr'C0cncnO’-cNC9 

ts-p~r^r^t^oocococococococococococococr)0)0)cn 

oooooooooooooooooooooo 


^j-iniDr'OocnO'^-CNn'tiniDCDP'r'OocnO’-CNn 

0>0)0)0)0)0)OOOOOOOOOOOO'-’-»”'*- 

OOOOOO 

yyyyy-r-OOOOOOOOOOOOOOOO 


TAG  SPECIES  TIME  DATE  LOCATION  SEX  LENGTH  WEIGHT 


180 


# 

# 

• 

# 

# 

w 

* 

* 

* 

# 

* 

• 

# 

• 

# 

... 

# 

tt 

# 

* 

* 

* 

* 

* 

■* 

•  * 

* 

# 

* 

# 

* 

# 

# 

* 

# 

<# 

# 

* 

# 

# 

o 

* 

■* 

•* 

* 

* 

* 

* 

* 

o 

# 

o 

* 

o  o  o 

# 

* 

# 

# 

# 

* 

* 

# 

* 

* 

o  * 

# 

# 

•* 

# 

* 

* 

# 

■# 

# 

* 

# 

# 

* 

# 

* 

# 

«* 

* 

* 

* 

* 

* 

# 

* 

Mf 

# 

o 

# 

CD  CO  CD 

# 

* 

# 

* 

* 

* 

# 

# 

# 

* 

r~  * 

* 

* 

tt 

* 

* 

* 

* 

# 

# 

# 

■* 

# 

tt 

OS 

# 

* 

* 

* 

* 

* 

# 

* 

* 

o 

# 

T- 

OD  CM  CO 

# 

# 

* 

# 

# 

*■ 

* 

■# 

* 

os  # 

# 

* 

* 

* 

# 

* 

* 

# 

* 

# 

# 

* 

* 

* 

# 

# 

* 

# 

* 

# 

* 

# 

# 

CM 

# 

* 

# 

# 

* 

# 

* 

•# 

* 

# 

* 

* 

# 

# 

# 

# 

* 

# 

# 

# 

* 

# 

oo,*or^oo*,,a,cMOOOoc400ttcoininointoooooinO'’‘°ooiniflOinooin*in<»o 
p-r'-r'-r^Oinr-'CMiDcococn  —  cnc''3iDOcocococNcocNCM'«~*-ocMr'0*fc<jr'.''-'-~Tfc*coon  *  (ocoo 


. *  •  •  • 

N’-’-00Nr-m^-(N’-’-tn00'»'-'«fc,)in0’'’-^»*’-’-’-’-in0n0’-00’-N*-N*«-0N 
■^.W  *-C000*-CMCMCM»-C'ICMCMC0CMCM»-CM*-CMCM»“CM'»-»,-»-'»-'«-CMCMC'0'»-C0CMC0C0*-*-'»-CM#'*-»-*- 

* 


co 


nnnonnnono^»^^^v*>tf'»<t^v^ 


NNNNNNMNNNNNNNNNNNNNNNNN«INNCINNMNMNNNNNNNNNNN 

cocococococoeococococococococooocococooocococooocococooocoooGOcococooococococococooococo 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

ininininiflininininininuiinininininininininininintnininininininininintninininiflinintntnin 

oooooooooooooooooooooooooooooooooooooooooooo 

*-«,O*‘*,*'4'Oinininino(Ococo»cocococococococococococoOcoco(0(D(D(O(D(0(0(Dcor»or^ 


ooinooooinooooaiNOOOOOMnMiMnnv«»-’-inNnfflNin(on«iD»NwinN 

OONOOOON’-’-’-'-oin'nto^V’-'-'-’-’-’-’-'-NNNn^nnnnnnnnwNNN 

naoioioioiioioioinoinaioaco'-csnnnnnnnnnnncnininaioioioiinaaioiflatmo) 


N»-»-»-fN’-^»,^N’-WW«M»-NWN«NNNNWWNN 


CM 


m  r~  oo  o)  o  "r"  cm  co- cd  r'»eoo>o,*-cMco*'in(ot^coo>o*-cMCo^'in(Dr‘'cr>0’-cMco»»intDP*coo>’-cMco 
^■^•■^*-cMCMCMCMCMCMCMCMcofocooococococococo*,*r*r*t*,<r*f'»*,inininLninininininina)(Dco 


oooooooooooooooooooooooooooooooooooooooooooo 


TAG  SPECIES  TIME  DATE  LOCATION  SEX  LENGTH  WEIGHT 


181 


# 

* 

* 

# 

* 

# 

# 

* 

* 

* 

* 

* 

* 

# 

* 

> 

# 

* 

# 

# 

# 

* 

•  * 

# 

• 

# 

* 

# 

# 

# 

•  # 

* 

# 

# 

* 

# 

* 

•  • 

* 

• 

# 

■* 

tt 

* 

* 

# 

* 

# 

* 

* 

■* 

* 

# 

# 

o 

* 

* 

# 

# 

# 

# 

o  * 

* 

O 

* 

* 

* 

# 

# 

o  * 

* 

* 

# 

# 

* 

* 

# 

o  o  * 

o 

* 

* 

# 

# 

* 

* 

# 

* 

* 

# 

* 

# 

# 

# 

at 

* 

# 

# 

# 

# 

* 

* 

* 

C*> 

# 

# 

# 

# 

* 

*“  * 

* 

■* 

# 

# 

# 

# 

# 

in  in 

# 

o> 

■# 

* 

* 

# 

# 

# 

# 

* 

# 

* 

* 

* 

* 

* 

# 

O) 

* 

* 

# 

* 

# 

# 

CM  # 

# 

o 

* 

* 

# 

* 

# 

o  * 

# 

# 

* 

* 

# 

* 

CM  o 

# 

o 

* 

# 

* 

* 

# 

* 

# 

* 

* 

# 

* 

# 

* 

* 

# 

# 

# 

# 

* 

# 

* 

»-  W 

# 

# 

* 

* 

# 

* 

# 

# 

* 

* 

■* 

# 

# 

# 

# 

oincooiflinoifiooinor^r-ocooooooocoinoooco  —  cocN  —  cvteocoo>cM*»-oooOLnin 
0)«onO(Mifl’"«0)a>oro®ait0in0)0)(n«O'n*n’-(ii0)N»-N0)'"»-o0)nN^(,)«ninN 


N0’-0N0(N00^(N00^0Ln0NNNNNinN’-inNninnn»-cnr)n<tn«00unninin 

^-COt-C,5’-P>CNCOC,)'»-'<-C,5COCSCv)CNC,)'>-»-’-'>-'-CN’-CNCM^’~CNJ'-»-»-’-^^C>»’-C'JCOCNCNO<CN(N 


cm 

00 

o 

in 

o 

f*- 


NNNNNNNNNf'INNPINNNNNNPINNNNNC'INNNNNNNNNNNNOINNNN 

oooocooooooooooooooococooooocoooooooooooooooooooooooeooooooooooooooooocooooooooocooooo 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

ininininininintninininininininiflintnintninininininininininintninininminininininininin 

ooooooooooooooooooooooooooooooooooooooooooo 

t^Or't,*p*'r‘r'i^p^p*r«*r^r^i^Or^t^t^i^i^r>-Or^i^Or^ooooocooooooeoooooooooooo>o)0)0) 


Tf^inin’-^^ooNinnNO’-inoiinrMninoiniflOinoi<nn^^in«NNNNOOOoooo 

OMtM(M(MM«nno»-nwf,)OMNnn’-’-o«’-ONOnNnnNnnn(on»-inin»-’-’-»- 

0)0)0Mj)050)0i0)0)0)’-0)0)m0)0)0)<j)0)’-’-’-cnr-»-0)«-in0)inino)ininminin’-’-r-oooo 

CM  CM  CM  CM  CM  CM  CM  ▼-  ’-’-■'-’-’-CMCMCN''-’-''-*- 


CM 


CM 


CM'v-^-CM'r-v-CM^^-CM 


CM  CM  CM  CM  CM  CM 


vincDr'Ooo)O^CMncn^rmu)r'Ooo)O^CMn<«rincor^ooo)0’-cMn^rincDr^ooc7)n«fiDr^ooo)0 

ID(D0(D(DtDMst'M'tsM^M^MOCOOOOOOO(Oa)OOCOOOO)C)(J)O)O)O)OlO>OJnOOOOOO’” 

T-^*-^^r-»-i-T-T-T-»-r-»-t->-T-»-T-T-r-^i-^i-^T-^t-^^^T-^r-T-^CNCMCMCMNN(N 

oooooooooooooooooooooooooooooooooooooooooooo 


'%  f- 


TAG  SPECIES  TIME  DATE  LOCATION  SEX  LENGTH  WEIGHT 


182 


c  •  • 

*  o  o  *  o 

*  r-  *  co 

*  in  in  *  co 


o  o  *  o  in 
f'  r~  *  in  <n 
oon  «  no 


*  •  *  •  *  • 
*0*0*0 

*  co  *  ^  *  in 

*  *  00  *  00 

*  "-  *  * 


*  *  •  •  * 

*  *  o  o  * 

*  *  in  n  * 

*  *  **  * 

*  *  *»  * 


*  ••••**  • 

*oooo*  *o 

*  «  ■*-  t"  o  *  *  io 

*  O  ^  *  * 

*  »-  ^  ▼-  ^  *  *  y- 


*  •  •  •  •  *  •  *  * 
*0000*0*  * 
*tOC4U)CM*<»*  * 

*(0(0r^(0*r>*  # 

*  ■*-  *  *  * 


* . 

*00000 

*  in  00  co  o  00 

*  i*>  r-  00  w  00 

*  *- 


oooooininooinoinooininoinooooininoinoinininoininioinooooininoincM 

ncoinniDO»foou)cs*-NT-o)(>)o)ooin’-o)N(DO(D^^in^O(NiD'if^in^on<Nnooo)OMf»- 


iflinininoMOioinNMMinNciinioininr-iflioc>4U)vcMininiDnointflOininin**tnNM^inn 

MjNNMN»-t'tNW’-’-’-N»-’-«NNN»'N«»-N’-’-NNn’-ni-MnWNN»-N’*’-»-W^ 


WMMMNWMMCMWOINCSMW 

cocococococococococooooococoeo 

000000000000000 

ininininininininininininininin 

000000000000000 

0)010)0)0)0)010)0)0)0)010)0)01 


NNNPINNNNNNNNNN 

cococooooocooocooooooooooooo 

00000000000000 

ininininininintnintninininin 

00000000000000 

0)8)0)0)0)0)0)00)0)0)0)0)0) 


NNNNMNNNNNNNNNN 

coooooooeooooooooocoooootooooo 

000000000000000 

ininininininininininininininin 

000000000000000 

0)0)0)0)0)0)a)0)0)0)0)0)Oi))O 


oooooooinoooooooooooooooooooooooininininininiflininioiflinin 

ooooooooooooooooooooooooooooooooooooooooocnocn 


NNNNNNNPINNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNC'IN^ 


■*-wt*)^,in©r^ooooo>0’-c>^,incDi^ooo>0’-cMO^,intDt^ooo)0’-«Mr>Trin(Dr^ooo>0'-<sc»^ 

i-T-^J-t-i-^r-i-r-NNNNNWNNNr)onnnnnnP)n<f^Tr<f»<fTfv^<ni)U)i]iK)ii) 

NNNNNNNNNMNNNNNMNNNNNNNNNNNNNNOINNNNNNNflNMNNN 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


TAG  SPECIES  TIME  DATE  LOCATION  SEX  LENGTH  WEIGHT 


183 


*  •  *  •  •  *  *  •  * 
#o#oo*  *0* 

*  in  *  o  *  *  c*  * 

*  *  co  r*-  *  *  *-  * 

*  *-  *  *  *  1-  * 


*  ■  *  ■  *  * 

*  o  *  o  *  * 

*  co  *  CO  *  * 

*  *  cm  ■*  * 

*  *  *-  *  * 


* . •* 

*  00000* 

*  O  (0  *■  r»  o)  * 

*  in  in  in  to  in  * 


00000* 

’“MOWN* 

co  in  o)  r»  * 
«"  *■  * 


•  •  * 
OO* 
*-  c>  * 
c*  * 
* 


OOOOOOOOOOOO 

cMinoaoinint'-inoinincM 

M'ininvinO’»(o<tnoM' 


* 

* 

* 

* 


Mnooinininoooooooinooino>oooooo)in’‘«inoooininooiflininoinoooino 

Oin<<t»-iDnco»-in^-CT»'^cMO^’-o)inr^r^coino)^rr^’-r'inocM^coTfcN^O'!fCMncMoor^oin 


inincMCMCM^-»-»-'*-'*-^-incMininin^^,'»<t^-incMinineMinocMv»-<t^«-cMCM^ocMCM<Minin'*“ 

<MCM'*-'»”»-'*-<M*“CMeM*-CM»-<M<MCM<MCJ<MCOeMCM*-<MCM»-*-CJ*“''-*-<OC>CJ'»-*“CJCO'*-'*-''-CMCM*-' 


0 


o 


»>^^^»-oo^nc<)T-n*nnn 


CMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 

cococooocococococococococococo 

000000000000000 

tninininininininininininintnin 

000000000000000 

O0)0)010l010)O0)0)0)0IC)0)0l 


CMCMCMCMCMCMCMCMCMCMCMCMCMCM 

cocococococococococococococo 

00000000000000 

inininininininininininininin 

00000000000000 

moooooooooooo*- 


CMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 

oooocococococococococococococo 

000000000000000 

intnininininintnininininininin 

000000000000000 


inininininr«coina>r'Ocooi>-(^(oinininininintnininininooooooooooooooooco 

CM't’fl'^^OOCMOOOCMOCMCMCMOOOOOCMCMCMCMCMCMCMOOCOOOOOOOOOOOOOO 
oiOOOOWNmcMNOiO'-OOOaioioioimoioimaiciai’-OO’-OOOOOOOOOOOO’- 
r-  t-  t-  -r-  -r-  -r-'r-»-CNT“CNtNCN 


CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 


<MCMCMCM<M<M<M*-»“CM 


CM  *■  CM  CM  CM 


mtDt^coo)0,^-cNCT)^i-intDr^Qoo>0’-cMnniniDr^cn’-cMniniDooo)0)0’-cMCT)incDr^cocnO’-cy) 

ininininin<o<D(D(D(0(DtD(D(DtDr*r~t''p'r-r^r'»r'>r'»cococoeocoeococoo>o>a>o>o><ncj>o>a)000 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM<MCM<MCMCMCMCMCMCM<MCMCMCMCMCMCMCMCMCMCMCMCMCMCOCOC5 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


TAG  SPECIES  TIME  DATE  LOCATION  SEX  LENGTH  WEIGHT 


184 


*  •  *  *  •  •  * 

*  o  *  *  o  o  * 

*  in  *  *  in  oo  * 

*  CD  *  *  0)  10  * 

*  *  *  * 


*  •  *  *  •  *  * 

*0**0*# 

*  I**  *  *  o>  *  * 

*  r*°  *  *  oj  *  * 

*  *  *  *  * 


* . 

*  OOOOO^fO 

*  (DCMOr^OP-tD 

*  CM  O  O  N  O  **■  CM 
**-■*-*-  *- 


o  o  o  o  o  o  *  * 

co  *■•  o  r~  id  *  * 

inMDMOO)  *  * 

*-  *“  *  * 


*  *  •  *  •  •  * 
* *0*00* 

*  *  o  *  in  ■*-  * 

*  *  cm  *  co  *-  * 

*  **-*■»-•*-* 


*  *  •  •  *  •  • 
*  *00*00 

*  *  co  *  »-  *r 

*  *  in  o  *  *-  in 

*  *  *-  *»-■*- 


*fint^inom»-coinTfr^O'!»-cooininincoinoiniDinoocMinoooooooor~*fcNin^fincN^- 

CO(DlDtDOinOlD^COOO'«-CNCOO)^ff-inCOO)COTl-inU3lD'«-CV'r-Tf^fr'CO^-OCO*f(N(D(DinCMO(D 

^coTfco'S-co^Tj-co'i^^TrTrnco»3'rrcocot^coTrTrcoco^fTr^-^f^fTj-«T^finLnTr^-Ti»3'co^f^r'3 


inininin*-*rMinininininininin'<'ininoocM«-'Coin^-in*-'^*-**o«'in'*-'«-«in«-ininr4*-inin 

CMCMCMCM'*-CM*-CMCMCMlMeM'»-CMCM*-CMCMOO'»-CM''-CM'»-CM*-'*-*-'«-CMCMCM***-OCM*-CMCM*-*-CMCM 


NNNNNNNNNNNNNNN 

cococococococooocococococococo 

ooooooooooooooo 

ininininininininintnininininin 

ooooooooooooooo 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 


NCMMNCUM(SMNNCMNMN 

COCOCOCOCOCOCOOOCOCOCOCOOOCO 

oooooooooooooo 

tnininininininininininininin 

oooooooooooooo 

NNNNWWNNOWnWMN 


NNNNNNNNMNMNMNN 

cocooococococooocococococococo 

OOOOOOOOOOOOOOO 

ininininintnininininininininin 

ooooooooooooooo 

NNNNNNNNMNNNnnn 


’-O'^-’-OOO’-OO’-O 

o  co  co  o  co  co  co 

O)  0)0)**  0)0  O) 


ooooooooooooinooooooooooooooininin 

OOOOOOOOOOOOCMOOOOOOOOOOOOOOCMOO 

O0)0)0)OOOOOa)0)0)O0)r«r'r,«t,'0)t^0)0)O^O0)OOOO 


NNNNNNNNWNNNMNNNWN 


NMNNMNNNPnM»**NWNWi-MlMN 


(Dt^o*-o^r^in(Dr'Cocno*-cNO«fincDr'0)Oc>io»J-iniDr^coo)0^(NOiniDr^coo)0*-CMOTj- 

oO’-’-’-’-’-’-’-’-’-’-iNNNNNNNNNnnnnnnnnnTMfVTMMMfvnminunnin 

oooooooooooooooooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooooooooooooooooooo 


.  rt 


. 


TAG  SPECIES  TIME  DATE  LOCATION  SEX  LENGTH  WEIGHT 


185 


ooooooooooo 

moiDOr^r^ooocNin^ 

CNCNincnocNO'-oor^r'- 


#  •  •  * 

*  O  O  * 

*  o  o  * 

*  to  in  * 

*  * 


##  *•••#  •• 
*#0000*00 

*  #TO'<*lDCD*r^OO 

*  *^f’-0lD*0«- 
*#»-*-▼- 


#  **•■•## 
*00000*# 

*  o  «  o  o  to  *  * 

#  (DNO’-n  *  * 


#  •  #  •  •  •  •  #  #  #  # 
*0*0000**#* 

*CM#OC0*“*-#### 

*  TT*TO'!tTOO)*  *  #  # 

#  ■»“  *  #  #  #  # 


in^oco*~oin<ov-ooo^TO'tf,incocoO(Dco^or*oo^cooin(Dr'>o*’TOc60ino*># 

TO«(oooTOTOo>c4ooa>ainTO^-in^O(Oin*-TO^'r>oin(0(^'9>'>-'-^-TOOC4<4>'^inTOinTO# 

# 


o  1^  o 
id  -- 
^  » 


ininin«'C4«-inv-in^ininincMininTOininc4csoin'>-v-inin««’(Mv-in'^cM«-inin<'v-o<MO«-ino 

CV<NCS'*“»-»-CN^-C«4'»-(NCNtNT-CNCN»-C^CN^»-TO<N^-»-CMCX»--'^'^TOT-T-»-TOCMTOCNTO»-^TOCMTO 


TO 


TO 


TOCSTOCMCMTOTOTOCMCMfMCMMTOeM 

cococococococococococococococo 

000000000000000 

ininininininininininininininin 

000000000000000 

TOTOTOTOTOTOTOCTTOTOTOTOTOTOTO 


CNC4CMCMCMC4WTOCMP4TOC4TOTO 

ooooeocooooooosoooeoooooooeo 

OOOOOOOOOOOOOO 

inininintnininininininininin 

OOOOOOOOOOOOOO 

TOTOTOTOTOTOTOTOTOTOTOTOTOTO 


NNCSNNNC'INNe'INNNNN 

oooooooooooooooocooocoeooococo 

000000000000000 

ininininininininininininininin 

000000000000000 

TOTOTOTOTOTOTOTOTOTOTOMt^**’*' 


ininininininin00inin(oacona00  00  a  00  00OOOOOOOOOOOOOOOOOOOin'-«oa) 

ooooooo^-oo  —  —  ’-’-oooooooooooooooo*--'-*-o  mow 

00000000000000000000'»-'^'*-»*'-'-'*“'^’-'*-’-»-’-'»-’-'^'*-'»-»-0  CN  O)  r- 
V-  *-  *-  ■*-  T-  •«-  t-  y-  ^  ■t-  y-  •*-  t-  t-  t-  ▼-  t-  *-  *■“*-»-  *-  v  t-  1-  t-  CN  *- 


NNN«NWN«NWNNNWWNNNNW*»-NNNNNNNNNWN«WW**^»-^«NNPI 


iniD00O)O’-CMTO»finiD 

inininin(0(0(0(0(0(0(o 

TOTOTOTOTOTOTOTOTOTOTO 

OOOOOOOOOOO 


r-TOoiO'^MTO'tincor^ 

(omopppppppp 

TOTOTOTOTOTOTOTOTOTOTO 

OOOOOOOOOOO 


00CT)O'»-CNTO^r(DP-O)O 

p-r^ooooooooeoooooeoo) 

TOTOTOTOTOTOTOTOTOTOTO 

OOOOOOOOOOO 


’•wn^iniBNiDOO’' 

0)0)0»d)0)c»'^^»-inin 

TOTOTOTOTOTOtMT-NCMN 
0000000--NNN 
■’-’-■'-•'-’-'-nOOOO 
N  N  N  N 


TAG  SPECIES  TIME  DATE  LOCATION  SEX  LENGTH  WEIGHT 


186 


# 

# 

* 

* 

• 

# 

* 

# 

# 

• 

* 

# 

# 

* 

* 

# 

* 

* 

# 

■ 

tt 

• 

* 

* 

* 

# 

* 

# 

# 

•  • 

# 

# 

# 

tt 

# 

# 

# 

* 

* 

# 

tt 

* 

* 

# 

# 

o 

* 

# 

* 

*■ 

o 

* 

tt 

* 

* 

* 

* 

* 

* 

# 

o  * 

o 

# 

* 

* 

# 

* 

* 

o  o 

# 

* 

* 

* 

* 

# 

# 

# 

* 

tt 

tt 

# 

* 

* 

*■ 

tt 

* 

tt 

# 

# 

# 

* 

* 

# 

* 

* 

# 

* 

CM 

tt 

in 

* 

* 

* 

# 

* 

# 

# 

co  in 

* 

* 

* 

* 

# 

# 

* 

# 

* 

# 

tt 

# 

# 

# 

* 

O) 

# 

* 

# 

CM 

# 

# 

* 

* 

* 

tt 

* 

*• 

# 

CO 

* 

CO 

w 

* 

# 

# 

* 

* 

y~  n 

* 

# 

# 

# 

«# 

* 

* 

# 

* 

tt 

* 

*■ 

* 

# 

* 

# 

# 

* 

* 

# 

* 

# 

# 

* 

* 

* 

# 

* 

# 

# 

* 

# 

* 

# 

* 

# 

* 

# 

* 

* 

* 

* 

# 

# 

•tt 

# 

# 

* 

tt 

inininin(0(Oininr^(or>or>ou)^rcM^MO'9,co^cs4>««r(D'tcMr400,<’^’Oooooinooorii(DO 

cNLn(\cNOr'-<N*f*-*a-'~r^ooOT-mcoTfr')C'jcocNO)OcNOcr)cot^c'>ooino*r*rr^r'>»-coiDmLficNO) 


,“'*”'^-00'»“'^’^'C'(0'^00,^00000,”0c>l0000000000000000^0000^f 

’■’■’■W»-NTT|rW»,i-»'WN«*'*-N»-»-rrNNrNm-rrrp|i-*-NPtNN*'N 


nnno''nnn'-«-nnnnnwwwno*-n».nnnnnon 


nnnnnnnnnnnn 


NMNNNNMMNNNMNMN 

oooocooocooooooooocooococooooo 

ooooooooooooooo 

ininintnintnininininininininin 

ooooooooooooooo 

Trxt^-r^r~^r^xrinr^in>in(Din 


MCMNeMCMMCMCMWCMCMCMWCM 

OOOOOOOOOOCOOOOOOOOOGOOOOOOO 

oooooooooooooo 

tnininininintnintnininininin 

oooooooooooooo 

inininin('>r>inr*ininininintn 


NNNNCHNNC4NMNNNNM 

OOCOCOCOQOCOOOeOCOCQCOOOCQOOCO 

ooooooooooooooo 

ininininininininintnininininin 

ooooooooooooooo 

inc*t^inininininin(^inininwin 


00OO^,OP)ininoo^,’-jn’-ininin^in«o^-Ott)tDCDno^,p'Oin(D©(Da)r^0)»-r>-0>0)0)in 

inooin’-ooO’-’-inininninininuiinin’-in’-iiiininoooO’-inooooooinooooin 

t'0000NdJC0Mcaaic0OOOOOOOOOO«iO00OOO’'T','’"00h’-’-»-’-’-’-O'-»-»-'ro 

CM  i-  -r-  y-y-T-y-y-y-y-y-y-y-  T-  y-  y-  y-  y-  y-  y-  y-  y-.y-yr-y-y-y-y-y-y-y-y-w 


NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN 


cMn^j-«tLn(Dr^ooo»“CMrO'a-intDr'Coo)^wco^-incDr^coa)0’"tNro^rmiDt^ooo)0»-’-{Nn^j-in 

ininininmininin(0(0(0(0(0(0(0(0(0(or>r^r'r>r^r^ror't^oocoooa>oocooocococo(»a)a)a>(»a>o) 

NNNN«WNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNN« 

NNNNNNNNNNNNNNNNNNNNWNNNtMNNNNNNNNWNNNNNNNNWN 

oooooooooooooooooooooooooooooooooooooooooooo 

WNWNMNNNNNNMNNNNNNWNNMWNNNNNNNNNNMWPINNNNNNNW 


TAG  SPECIES  TIME  DATE  LOCATION  SEX  LENGTH  WEIGHT 


187 


# 

# 

# 

tt 

# 

• 

# 

• 

tt 

■* 

•  • 

# 

# 

*■ 

* 

# 

. 

# 

# 

• 

* 

# 

.  . 

* 

* 

* 

* 

# 

* 

• 

# 

. 

* 

# 

•  • 

# 

# 

• 

# 

•  # 

# 

*■ 

# 

■H- 

o 

* 

o 

* 

* 

o  o 

# 

*■ 

# 

* 

# 

o  * 

o 

# 

o  o 

* 

* 

* 

* 

* 

* 

O 

* 

o 

* 

* 

o  o 

# 

# 

o 

■# 

o  * 

■X 

* 

* 

# 

# 

'*■ 

* 

CO 

* 

* 

CO  *“ 

* 

* 

# 

# 

CO 

# 

* 

r^ 

tt 

* 

o» 

# 

* 

# 

* 

CD 

# 

CM 

# 

* 

co  in 

* 

* 

r- 

* 

o  * 

# 

# 

* 

* 

# 

CM 

# 

o 

* 

# 

T-  O 

* 

# 

*• 

■* 

tt 

o> 

tt 

# 

at 

* 

* 

mc  in 

* 

* 

* 

* 

* 

v- 

# 

CM 

# 

# 

CO  *- 

# 

* 

O 

# 

o  * 

# 

* 

* 

# 

* 

# 

# 

* 

# 

# 

* 

* 

* 

# 

* 

* 

# 

r»  ^ 

* 

* 

* 

# 

* 

# 

* 

# 

# 

»■* 

# 

# 

# 

* 

inooinot^roOTnincNcor^O'S-cN  #  ina)«o^onooo^aNO)Nv-(0're0^N^00ONG0O 
’-r-oit^cNCOTf’-toinncn^rcsfriiD  #  o)nn«-ioniniDN««oinNniDNin*-ONOMNOON 

# 


*-0<t00000000000©0*000000000000000000000000000 

# 


COWWOW^-O^-WOf-^-WWOWO'^WCO 


CO 


NNNNNNMNNNNNWNN 

OOCOOOCOOOOOOQOOOOOOOOCOCOOOCO 

OOOOOOOOOOOOOOO 

inininininininintninininininin 

OOOOOOOOOOOOOOO 

t^r^r^r'Or'tor'iDUJi^r-cDr-iD 


CMCMCMCMCMCMCMCMCMCMCMCMCMCM 

oooocooooooooococooocoeococo 

oooooooooooooo 

intnintninininininininininin 

oooooooooooooo 

iDcor^ioiDr^r'-r'-r'-r^r'-r'-r^f' 


NNNNNNNNNNNNNNN 

COCOCOCOCOOOCOCOCOCOOOOOCOOOCO 

OOOOOOOOOOOOOOO 

inininioinininininintninininin 

OOOOOOOOOOOOOOO 


NN'tnouioino 

ininininotnoiDO 

oocMOor»or>o 

*-  y-  cm  •»-  CM  CM  CM 


ooinoifloovin 
O’-inonoO’-in 
Ocor^ocMOOCOt^ 
CM  CM  CM  CM  CM 


oonocoono 

OOCONOnON 
OOr^r»C'p~t^r^ 
CM  CM 


ooooomomo 

CMCMCMCMCMOOCMOOCM 

r'^r^r-r^r'i^r'C' 


otninoocooinin 

cMinmcMCMCocMincn 

r-t^r'-r^r-r-r-r'-CN 

CM 


CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 


iDr^cocnO’-cMn'j-iniDr-cocno 
0  0)0)8IOOOOOOOOOO«- 
NNNNnnnonnnonnn 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 

OOOOOOOOOOOOOOO 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 


»-'*-OMfincor~cocnO’-CMC*>^t 

*-'*-T-'»-*-T-*-»-»-CMCMCMCM<M 

nnnnnnnonnnnnn 

CMCMCMCMCMCMCMCMCMCMCMCMCMCM 

OOOOOOOOOOOOOO 

CMCMCMCMCMCMCMCMCMCMCMCMCMCM 


intDMDtnO’-cMnMinNoooio 

cMCMCMCMCMnnnnnnnnoM 

nnnnonnnnnnnnnn 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 

OOOOOOOOOOOOOOO 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 


... 


TAG  SPECIES  TIME  DATE  LOCATION  SEX  LENGTH  WEIGHT 


188 


o  o  o  o 
in  co  id 
t-  co  cn 


■  ■  * 

o  o  * 

04  CO  * 

(NO# 


*  *  oooooooo 

*  *o>inoo#-r-(D'9,co 

*  *(Dino4O0>C0OC0 
•#  ^  *- 


o  o  o  o  o  o  * 

CO  o  co  O  (D  O  * 
o  in  id  o  cm  * 


•  •  •  * 

inoo  » 
co  in  in  * 

04  v-  o  * 

^  4-  * 


o  o  o  o  o  o 
o  04  o  in  o  co 
oj  in  in  co  in  co 


6  o  #  6  6 
co  #  o 
O’-  #  <o 


Mw^nO’-nMnoininooooooinnoiflOOinoininooiniflOinoooooooD’-O’- 

iDcoNfcoooi’-oo4ino4r^o-coo40’-’-#J-ooiincor^o4Tfm>u#r’-#fo)o-ocniDO)04COoi’-'«rO’- 


ooooooooo#-ooooooooo^-oooooooooooooooooooo#-^o#- 

0404CN04’-04’-’-’-OI’-M’-04’-’-’-04#-’-’-Ol’-04’”0«’-’-040»04’-0404040l0404’-’-’-Ol04’- 


CO  CO  CO 


CO  CO 


CO 


0404040404040404040404040404 

cocococooocococococococococo 

OOOOOOOOOOOOOO 

inininininmininininininmin 

OOOOOOOOOOOOOO 


040404010404040404040404040404 

COCOCOCOCOCOCOCOCOCOCOCOCOCOCO 

OOOOOOOOOOOOOOO 

inininininininininininininintn 

OOOOOOOOOOOOOOO 

OOOOOCOOOOOOOOOO 


0404040404040104040404040404 

COOOCOCOCOOOCOCOCOCOCOCOCOCO 

OOOOOOOOOOOOOO 

ininininininintninininininin 

OOOOOOOOOOOOOO 

r'-r^t^t'-r'-r^r'-r^r^r^i>cococo 


04 

CO 

O 

in 

o 

co 


noinnooicnO’f 

nnoncNnoMin 

r-  t".  (■'  (•'-  r-  r-  r-  o 


ui^ooooooo 

tninooooooo 

OOorocncncDcno) 


inoininintnotn 

044^040404040404 

0)000)0)0)0)0)0) 


oinooininintntn 

00404040)04010404 

010)0)0)040)0)0)0) 

CO’-’-’-ON’-’-’-’- 


ininininmoooo 

04040)04044T4f4j-4r 
0)0>040)0>00c0c000 
4-  *“  04  *-  4- 


04040404040404040(04040404040404040l040(0l040404040404040404040404040l04040404040404040( 


’-o40)4j,inaDr'C04-cMO)4fino-co 

4t4fn-4f4r4f4r4Tininininininin 

0)0)0)0)0)0)00)0)0)0)0)0)0)0) 

040404010404040404040404040404 

OOOOOOOOOOOOOOO 

P4C<ICSOI0IOIO4C<ICSMOIMOIOIC<4 


O’-oisiniDcoaiO’-cNncr' 

(DtD(DtD(D(DC0tDO-0-t^O-r~r~ 

nnnnnnnnnnnnnn 

MMMMMMMMMMMMMM 

OOOOOOOOOOOOOO 

MMMMMMMMMMMMMM 


cooiO’‘Nn<nniDMoo*-NP) 

P>O-C0C0C0C0C0C0C0C0C0OOOO 

nraor)nnnnnnn«<MMf 

MMMMMMMMMMMMMMM 

OOOOOOOOOOOOOOO 

MMMMMMMMMMMMMMM 


' 


. 


TAG  SPECIES  TIME  DATE  LOCATION  SEX  LENGTH  WEIGHT 


189 


•  #  #  # 

o  *  *  * 

v  *  *  # 

o  ■*  *  * 

»-■**# 


*  •  #  #  # 

*  o  *  *  * 

*  in  *  *  # 

*  0)  #  #  # 

*  *  *  * 


o  o  o  *  * 
o  co  o  #  * 
co  O  *  * 
*•  #  # 


#  •  •  * 

*  o  o  * 

*  o  in  * 

*  o  «*j  * 

*»-*-* 


o  o  o  o 
w  in  in  co 

CO  f'-  Cl  O 


0*0* 
O  #  co  * 
in  *  oi  * 
*  * 


oooooooooooo* 

cocot^Trcoop^coooMco-* 

000)00OC0CM(MO(0(0Oa>* 


•  ■■*•*# 
o  o  *  *  * 
o  o  *  *  ■* 
co  id  *  *  * 
<*-»-•*■** 


. . . *  • 

coinoooo*fr'CNOoooicMinco(NCNr^oOcocMOOUDOOin*jrcoin’-xi-CDCNcn(DCDCoin'ifO(00*o 
cNOCO’-inoojco(Noor'  OCDOo5’-^rooi(DO’-in»-^cr)cooO’-vcocoor't^CMO<tcoiDr'  *  *• 
^■^r<<f*f^-Trco»j-^-cY)coTfTr*rco^i^-Trcoco5r'a,’<i^fTj-«j-corj'«<t^f»a>^-^r^-^-«j-v^-'a-v*r^  *  ^ 


. *  • 

^•^-Tf'*-Ti-^cocoTfco-^co«-^*t*j-Tr^-*tco*»-*f^^o»J-cM^-o»finininr-inin(M*»''^*tin^  *  *t 

* 


CO  CO  CO 


NNNNNNNNNWNNNNN 

cooooooooooocooooooooooococooo 

OOOOOOOOOOOOOOO 

inininininininintninininininin 

OOOOOOOOOOOOOOO 

cococococococooocococococoOco 


CNCNCNCNCNCNCNCNCNCNCNCNCNCN 

oooooooococococooocooocoooco 

oooooooooooooo 

inininintnintninininintninin 

oooooooooooooo 

oacococococococococococococo 


NNNNNMNMCINNNNNN 

cocococooococooococococococooo 

OOOOOOOOOOOOOOO 

ininininininininininininininin 

OOOOOOOOOOOOOOO 

cocoaacococooocococococoi^cor^ 


OOOOOOOOOOO 

cooococococococooocooo 


ooinooinoinoinin 

cocoococococococacooo 


tninoootnoinoino 

cococococococococococo 


inoooooininop-o 

cocooooococococonnn 
CM  *-  CM 


NNNNNNPIPINNNNNNNNNNNNNPINNNNNNPINPIC'IC'INNNNNNNNPINN 


^■lniDf^COOlO^CMCl^-tDCOOCN 

000000’-’-’-’*’-’-’-NN 

CN<NC<ICNCNCSCN<NCSCMCNCSCNCNCS 

OOOOOOOOOOOOOOO 

CNCNCNCNCNCNCNCNCNCNCNCNCNCNCN 


Ocso^finior'CooiO'^-cNCort 

tninininminintniniDCOcococn 

CNCNCNCNCNCNCNCNCNCNCNCNCNCN 

OOOOOOOOOOOOOO 

CNCNCNCNCNCNCNCNCNCNCNCNCNCN 


iDr^coa>o»-’-cNn*rin(Dr^r'-co 

iD(DiDCDt^t^r~r»r~r»t^r^r»r>r^ 

CNCNCNCNCNCNCNCNCNCNCNCNCNCNCN 

OOOOOOOOOOOOOOO 

CNCNCNCNCNCNCNCNCNCNCNCNCNCNCN 


■ 


TAG  SPECIES  TIME  DATE  LOCATION  SEX  LENGTH  WEIGHT 


190 


# 

# 

* 

* 

# 

* 

* 

* 

# 

* 

* 

• 

# 

-  • 

* 

* 

# 

* 

# 

•tt 

•* 

* 

■# 

* 

* 

* 

* 

* 

* 

o 

o 

* 

* 

* 

# 

* 

# 

* 

* 

# 

* 

* 

* 

# 

* 

* 

CM 

# 

CO 

* 

* 

* 

* 

# 

# 

* 

* 

* 

* 

* 

* 

* 

# 

* 

* 

CM 

# 

CO 

* 

* 

# 

* 

*• 

* 

* 

* 

* 

* 

* 

* 

# 

# 

* 

* 

# 

* 

* 

# 

* 

# 

*  -000000*000 
*0*J-'*-coa>r'~n*o)0>*- 
*CO(DIDCMO>CO(0*CM'9‘CM 
*  ^  * 


.  ^  . ^ . .  . .  .  .  .  . 

id*idoidoido*ididoidcoidididoocm  ■avMain'V^ONO 
in*  Mvinooon*  'tMnoowa)’-tnotD(D(D^’-noo>no)U’0)0 

*  * 


•  ^  . .  .  . . 

^~*  *t  •r-  -r-  o  *  ^  cm  «<j  o  ■'■  '■  'J  't  •<fon^’-in--^inr- 

CM.*  N«N«»-n*  N^»-N’-N»-N>-N««Nn’-’-»'WN’"NN 
*  *  CM 


nnnonnnnnnn--n'-nnnnn--'-T-*-'-T-T"<rv.».?-^ 


CM 

CM 

CM 

CM 

CM 

CM  CM  CM  CM 

CM 

CM 

CM  CM 

CM 

CM 

CM 

CM 

CM  CM 

CO 

CO 

00 

00 

00 

CO  CO  CO  CO 

00 

CO 

CO  CO 

CO 

CO 

CO 

CO 

CO  00 

O 

O 

O 

O 

o 

o  o  o  o 

o 

o 

o  o 

o 

o 

o 

o 

o  o 

ID 

ID 

ID 

ID 

ID 

ID  ID  ID  ID 

ID 

ID 

ID  ID 

ID 

ID 

ID 

ID 

ID  ID 

O 

O 

O 

O 

O 

O  O  O  O 

O 

O 

o  o 

o 

o 

o 

o 

O  O 

r* 

CO 

r*- 

r*» 

r» 

*-  r*  r-  « 

c- 

r~ 

co  r~ 

00 

r~ 

r- 

p* 

NNNNCHCMWNNNNN 

cococooooocooaeooocoeooo 

OOOOOOOOOOOO 

inininintnininininiDinin 

OOOOOOOOOOOO 

ONNMNnnn<NNN 


o  r- 
o  o 
co  to 

CM  *“ 


o 

o 

o 

CO 

o 

ID 

O 

O 

o 

O 

O 

O 

ID 

ID 

O 

O 

o 

o 

o 

ID 

ID 

o 

o 

o 

o 

o 

o 

O 

o 

ID 

O 

o 

ID 

O 

ID 

CO 

CO 

ID 

o 

CO 

o 

o 

CM 

CM 

o 

o 

o 

CO 

CO 

CO 

CO 

CM 

▼“ 

CO 

CO 

00 

CM 

00 

CO 

CM 

CM 

CM 

CM 

00 

o 

a> 

o 

o 

o 

O 

o> 

o 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

o 

o 

o 


o 

o 

o 


CMMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM^-CM^-’-CMCMCM*-^’'-*- 


O)  O  O  •*"  CM  CO 

C*-  GO  CO  CO  CO  CO 
CM  CM  CM  CM  CM  CM 

o  o  o  o  o  o 

CM  CM  CM  CM  CM  CM 


ID  ID  (O  00  O) 
CO  CO  CO  CO  CO  CO 
»f  n  V  n  V 
CM  CM  CM  CM  CM  CM 

o  o  o  o  o  o 

CM  CM  CM  CM  CM  CM 


CM  CO  (D  I" 
CD  O)  O)  O)  O)  Oi 
^  ^ 

CM  CM  CM  CM  CM  CM 

o  o  o  o  o  o 

CM  CM  CM  CM  CM  CM 


•  -  *  *  *  * 
MO)**** 
O)  O)  *  *  *  * 
^  <9  *  *  *  * 
CM  CM  *  *  *  * 
O  O  *  *  *  * 
CM  CM  *  *  *  * 


******* 

******* 

******* 

******* 

******* 

******* 

******* 


- 


. 


191 


A. 2  Steele  Lake  Data 

A  list  of  all  relevant  fish  data  collected  at  the 
Steele  Lake  fishladder  is  provided. 

The  data  are  arranged  according  to  tag  number,  with  ten 
parameters  listed  for  each  specimen.  These  parameters  are 
defined  as  follows: 

(1)  Tag  -  See  previous  definition. 

(2)  Species  -  See  previous  definition. 

(3)  Location  -  Refers  to  the  area  of  release.  A 
release  upstream  of  the  weir  is  designated  by  "5",  a 
release  downstream  of  the  weir  is  designated  by  "6”. 

(4)  Time  -  See  previous  definition. 

(5)  Sex  -  See  previous  definition. 

(6)  Set  -  Refers  to  the  set  number  of  the  ladder,  as 
defined  in  the  methods. 

(7)  Manipulation  -  Refers  to  the  manipulation  used  for 
that  set,  as  outlined  in  the  methods. 

(8)  Data  -  See  previous  definition. 


(9)  Length  -  See  previous  definition. 
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(10)  Weight  -  See  previous  definition. 

Note;  In  cases  where  data  are  missing  or  no  data  was 
taken,  a  series  of  *'s  are  given. 
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Appendix  B 


The  following  tables  are  a  summary  of  the  statistical 
tests  carried  out  on  the  Driedmeat  and  Steele  Lake  data. 
Each  table  is  discussed  or  referred  to  in  the  body  of  the 
text . 

Note  that  for  these  tables  the  following  terms  are 
defined : 

DF  =  degrees  of  freedom  for  each  factor 
SS  =  sums  of  squares 
MS  =  mean  square 

F  =  statistical  F-value  for  ANOVA 

F(0.5)  =  required  F-value  for  significance  at  the  5% 
level 

N  =  number  used  in  analysis 
Sd  =  standard  deviation 
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Table  B.1  Summary  table  of  ANOVA  and  confidence  intervals 
for  settings  of  the  61  cm  chute  at  Silver  Creek. 


VARIANCE  DUE 

TO 

DF 

SS 

MS 

F 

F(.05) 

Velocities 

5 

17251 

3450 

1.91 

2.30 

Error 

82 

147857 

1803 

Total 

87 

165108 

SET  #  MEAN  VELOCITY 

INTERVAL 

(m/s) 

MEAN  LENGTH 

(mm) 

N 

Sd 

95%  CONFIDENCE 

1 

0.9 

408.7 

7 

83.9 

346.5  < 

X  < 

470.85 

2 

1.2 

434.4 

26 

27.7 

423.7  < 

X  < 

445.1 

3 

1.2 

410.8 

9 

51.4 

393.6  < 

X  < 

427.9 

4 

1.5 

448.3 

9 

27.4 

430.4  < 

X  < 

466.2 

5 

0.7 

430.4 

23 

40.4 

413.8  < 

X  < 

446.9 

6 

0.9 

404.8 

14 

42.3 

382.6  < 

X  < 

426.9 

the  mean  lengths  of  white  sucker  passing  through  the  61  m  chute  at  the 
various  velocity  settings  were  not  significantly  different  (P>.05). 


Table  B.2 

Summary 

table  of 

ANOVA  and 

confidence 

interva 

for  61  cm 

vs  2.4  m 

chute  data  at  Silver  Creek. 

Variance  Due  to 

DF 

ss 

MS  F 

F.  05 

Chute  Length 

1 

123 

123  0.07 

3.96 

Error 

101 

180792 

1790 

Total 

102 

180915 

Chute 
Length 
( m ) 

Mean 

Sucker 

Length 

(mm) 

Mean 

Vel ocity 
(m/s) 

N  Sd 

95%  Confidence 

I  nterval 

0.67 

425.3 

1.1 

89  43.4 

416.2  <  x 

<  434.4 

2.4 

422.1 

1.0 

14  34.0 

404. 0  <  x 

<  440.0 

• 

•  • 

two 

other 

The  mean  lengths  of  white  sucker  passing  through 
chutes  were  not  significantly  different  from 
( P> . 05 ) . 

the 

each 

' 


i 

I 


1 


• 

■ 

Table  B.3  Summary  table  of  ANOVA  and  confidence  intervals 
for  Gwynne  culvert  data. 
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VARIANCE  DUE  TO 

DF 

SS 

MS 

F 

F ( . 05 ) 

Velocity 

3 

6071 

2024 

2.41 

2.85 

Error 

41 

32719 

839 

Total 

44 

38790 

VELOCITY 

MEAN  LENGTH 

Sd 

95%  CONFIDENCE 

:  INTERVAL 

0.8 

44.50 

36.3 

419.8  <  X  < 

470.2 

0.7 

418.8 

28.6 

405.6  <  X  < 

432.1 

0.5 

407.1 

21.6 

391.0  <  X  < 

423.1 

0.3 

426.8 

27.6 

409.7  <  l  < 

443.9 

the  mean  lengths  of  pike  passing  through  the  culvert  at  the  different 
velocities  were  not  significantly  different  (P>.05). 


Table  B.4  Chi  Square  analysis  for  Gwynne  culvert  data. 


VELOCITY  (m/s) 


0.8 

0.7 

0.5 

0.3 

Total s 

380 

-  420 

4 

12 

5 

7 

(5.0) 

(11.3) 

(4.4) 

(6.3) 

28 

SIZE 

421 

-  460 

4 

5 

2 

3 

CLASS 

(mm) 

(5.4) 

(2.1) 

(3.0) 

14 

14 

461 

-  510 

1 

1 

0 

1 

(0.6) 

(1.3) 

(0.5) 

(0.7) 

3 

TOTALS 

9 

18 

7 

11 

45 

Expected  values  in  brackets 

Total  chi  square  =  3.46  Degrees  of  freedom  =  6 
x2(.05)  =  12.59 


the  range  of  lengths  of  pike  passing  through  the  culvert  was 
independent  of  the  velocity  setting  (P>.05). 


. 


. 


. 
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Table  B.5  Summary 

table  of 

ANOVA 

and  confidence 

intervals 

for  the  different 

velocity 

groups 

of  the 

Steele 

Lake  data 

Variance  Due  To 

DF 

ss 

MS 

F 

F .  05 

Velocity 

3 

11109 

3703 

1.79 

2.62 

Error 

566 

1170367 

2068 

Total 

569 

1181475 

Velocity  Mean  N  Sd  95%  Confidence  Interval 

(m/s )  Pike 

Length 

(mm) 


2.00-2.25 

509.7 

17 

58.0 

482.1 

< 

X 

< 

537.3 

2.26-2.50 

518.4 

197 

44.2 

511.8 

< 

X 

< 

524.2 

2.51-2.75 

521.4 

333 

45.6 

516.5 

< 

X 

< 

526.3 

2.75-3.00 

539.1 

23 

44.7 

520.8 

< 

X 

< 

557.4 

. * .  the  mean  length  of  pike  passing  through  the  ladder  under 
the  different  velocity  setting  did  not  differ 
significantly  (P>.05). 

Table  B.6  Chi  square  analysis  for  pike  length  and  velocity 
group,  Steele  Lake  data. 


Velocity  Class 


2.0 

to 

2.25 

2.26 

to 

2.50 

2.51 

to 

2.75 

2.76 

to 

3.00 

TOTALS 

380-450 

3 

16 

26 

2 

47 

(3.1) 

(1.42) 

(28.1) 

(1.7) 

Size 

Class 

(mm) 

451-520 

26 

(18.2) 

85 

(83.8) 

163 

(165.9) 

4 

(10.0) 

278 

521-590 

11 

(18.4) 

82 

(84.4) 

172 

(167.1) 

15 

(10.1) 

280 

591-660 

2 

(2.3) 

10 

(10.6) 

21 

(20.9) 

2 

(1.3) 

35 

TOTALS 

42 

193 

382 

23 

640 

Expected  values  in  brackets 
Total  chi-square  =  1.350 
X2  (.05)  =  16.92 


Degrees  of  Freedom  =  9 


■ 


. 


214 


Table  B.7  Summary  table  of  ANOVA  and  confidence  intervals 
for  all  sets  used  in  the  velocity  analysis,  Steele  Lake 
data  s 


VARIANCE 

DUE 

TO 

DF 

SS 

MS 

F 

F.05 

Sets 

Error 

Total 

19 

526 

545 

33352 

992230 

1025582 

2779 

2116 

1.31 

1.67 

Set  # 

Mean 

Pike 

Length 

(mm) 

Mean  N 

Velocity 
(m/s) 

Sd 

95%  Confidence 

Interval 

24 

492.8 

2.21 

9 

52.9 

428.2 

< 

x  < 

527.4 

43 

528.8 

2.13 

8 

61.0 

486.5 

< 

X  < 

571.1 

4 

524.4 

2.37 

51 

33.6 

515.1 

< 

X  < 

533.6 

6 

524.2 

2.41 

30 

35.0 

512.7 

< 

X  < 

535.6 

10 

522.0 

2.35 

17 

40.9 

502.5 

< 

X  < 

541.4 

14 

527.8 

2.34 

16 

49.8 

503.4 

< 

X  < 

552.2 

19 

504.4 

2.40 

17 

50.0 

484.0 

< 

X  < 

523.9 

18 

515.4 

2.35 

12 

41.1 

485.5 

< 

X  < 

545.3 

15 

503.6 

2.35 

7 

52.9 

464.4 

< 

X  < 

542.8 

20 

531.8 

2.40 

11 

45.1 

505.1 

< 

X  < 

558.4 

26 

516.4 

2.40 

11 

37.8 

494.1 

< 

X  < 

538.7 

30 

500.6 

2.34 

26 

64.0 

474.9 

< 

X  < 

526.3 

1 

524.6 

2.61 

97 

47.6 

515.1 

< 

X  < 

534.1 

2 

530.2 

2.61 

30 

53.5 

511.0 

< 

X  < 

549.3 

5 

524.3 

2.70 

68 

41.7 

514.3 

< 

X  < 

534.2 

7 

513.9 

2.65 

61 

40.4 

504.3 

< 

X  < 

523.5 

8 

519.4 

2.66 

28 

43.2 

503.3 

< 

X  < 

535.4 

18 

513.1 

2.35 

39 

50.7 

497.1 

< 

X  < 

529.1 

35 

529.0 

2.58 

10 

41.3 

503.4 

< 

X  < 

554.6 

3 

539.1 

3.02 

23 

44.7 

520.8 

< 

X  < 

557.4 

• 

•  • 

The 

mean  lengths  of  pike 

captured  at 

all  sets 

used  in  the  velocity 

analysis  are  not  significantly  different  (5%  level). 


* 


ij 


r> 
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Table  B.8  Summary  table  of  ANOVA  and  confidence  intervals 
for  velocity  group  # 1,  Steele  Lake  data. 


Variance  Due  To 

DF 

SS 

MS 

F  F.  05 

Sets 

1 

5481 

5481 

1.70  4.54 

Error 

15 

48393 

3226 

Total 

16 

53874 

Set  # 

Mean 

Vel ocity 
(m/s ) 

Mean 

Pike 

Length 

(mm) 

N 

Sd 

95%  Confidence  Interval 

24 

2.21 

492.8 

9 

52.9 

428.2  <  x  <  527.4 

43 

2.13 

5  28*8 

8 

61.0 

486.5  <  x  <  571.1 

e 

•  e 

the  mean 

1 engths 

of  pike 

captured 

during  the  sets  used  for 

velocity  group  #1  were  not  significantly  different 
( P> . 05 ) . 

Table  B.9  Summary  table  of  ANOVA  and  confidence  intervals 
for  velocity  group  #2,  Steele  Lake  data. 


Variance  Due  To 

DF 

SS 

MS 

F 

F.  05 

Sets 

9 

19398 

2155 

1.11 

1.92 

Error 

187 

363899 

1946 

Total 

196 

383297 

Set  # 

Mean 

Vel oci ty 
(m/s ) 

Mean 

Pike 
Length 
(mm ) 

N 

Sd 

95%  Confidence  Interval 

4 

2.37 

524.4 

51 

33.6 

515.1 

<  x  < 

533.6 

6 

2.41 

524.2 

30 

35.0 

512.7 

<  x  < 

535.6 

10 

2.35 

522.0 

17 

40.9 

502.5 

<  X  < 

541.4 

14 

2.34 

527.8 

16 

49.8 

503.4 

<  X  < 

552.2 

19 

2.40 

504.4 

17 

50.0 

484.0 

<  X  < 

523.9 

18 

2.35 

515.4 

12 

41.1 

485.5 

<  X  < 

545.3 

15 

2.35 

503.6 

7 

52.9 

464.4 

<  X  < 

542.8 

20 

2.40 

531.8 

11 

45.1 

505.1 

<  X  < 

558.4 

26 

2.40 

516.4 

11 

37.8 

494.1 

<  X  < 

538.7 

30 

2.34 

500.6 

26 

64.0 

474.9 

<  X  < 

525.2 

the  mean  lengths  of  pike  captured  during  the  sets  used 
for  velocity  group  #2  were  not  significantly  different 
( P> . 05 ) . 


. 


% 

. 
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Table  B.10  Summary  table  of  ANOVA  and  confidence  intervals 
for  velocity  group  #3,  Steele  Lake  data. 


Variance  Due  To 

DF 

SS 

MS  F 

F.  05 

Sets 

6 

10735 

1789  0.86 

2.14 

Error 

326 

678539 

2081 

Total 

332 

689274 

Set  # 

Mean 

Vel oci  ty 
(m/s) 

Mean 

Pike 

Length 

(mm) 

N 

Sd 

95%  Confidence  Interval 

1 

2.61 

524.6 

97 

47.6 

515.1  < 

x  < 

534.1 

2 

2.61 

530.2 

30 

53.5 

511.0  < 

x  < 

549.3 

5 

2.70 

524.3 

68 

41.7 

514.3  < 

X  < 

534.2 

7 

2.65 

513.9 

61 

40.4 

504.3  < 

X  < 

523.5 

8 

2.66 

519.4 

28 

43.2 

503.3  < 

X  < 

535.4 

18 

2.35 

513.1 

39 

50.7 

497.1  < 

X  < 

529.1 

35 

2.58 

529.0 

10 

41.3 

503.4  < 

X  < 

554.6 

• 

0  0 

the  mean 
vel oci  ty 
( P> . 05 ) . 

lengths  of 
group  #3 

pike 

were 

captured  during  the  sets  used  for 
not  significantly  different 

Table  B. 1 1 

Summary  table 

of  ANOVA  and  confidence  intervals 

for  V2,  V3, 

&  V4 

during 

1501  - 

2100,  Steele  Lake  data. 

Vari ance 

Due  To 

DF 

ss 

MS  F  F . 05 

Velocity 

2 

3406 

1703  0.85  3.11 

Error 

84 

168142 

2002 

Total 

86 

171548 

Velocity  Mean  N 

(m/s)  Pike 

Length 
(mm) 


Sd  95%  Confidence  Interval 


2.26-2.50 

523.4 

34 

35.3 

511.5 

< 

X 

< 

535.3 

2.51-2.75 

530.2 

30 

53.5 

511.0 

< 

X 

< 

549.4 

2.76-3.00 

539.1 

23 

44.7 

520.0 

< 

X 

< 

557.4 

the  mean  lengths  of  pike  moving  through  the  ladder  during 
1501-2100  at  flow  rates  V 2,  V3  &  V4  were  not 
significantly  different  ( P>  .  05 ) . 


. 


% 
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Table  B.12  Chi  square  analysis  for  pike  length  and  time  of 


Steele 

Lake 

data . 

Time  of 

Day  (hrs) 

0301 

to 

0900 

0901 

to 

1500 

1501 

to 

2100 

2101 

to 

0300 

TOTALS 

380-450 

4 

(5.2) 

7 

(4.0) 

14 

(18.1) 

24 

(21.7) 

49 

Si  ze 

Class 

(mm) 

451-520 

37 

(29.9) 

23 

(23.4) 

98 

(104.3) 

125 

(125.5) 

283 

521-590 

26 

(29.9) 

18 

(23.4) 

122 

(104.3) 

117 

(125.5) 

283 

591-660 

2 

(4.1) 

6 

(3.2) 

7 

(14.4) 

24 

(17.3) 

39 

TOTALS 

69 

54 

241 

290 

654 

Expected  values  in  brackets 

Total  chi-square  =  20.85  Degress  of  Freedom  =  9 

X2  (-05)  =  16.92 

.*.  the  range  of  the  different  lengths  of  pike  passing  through 
the  ladder  was  independent  of  the  velocity  setting 
( P  < . 05 ) . 

Table  B.13  Chi  square  analysis  for  time  of  day  and  velocity 
group,  Steele  Lake  data. 

Velocity  (m/s) 


2.0 

to 

2.25 

2.26 

to 

2.50 

2.51 

to 

2.75 

2.76 

to 

3.00 

TOTALS 

0301 

to 

0900 

29 

(4.5) 

18 

(20.8) 

22 

(41.2) 

0 

(2.5) 

T  i  me 
of 

Day 

(hrs) 

0901 

to 

1500 

1 

(3.2) 

9 

(14.8) 

39 

(29.2) 

0 

(1.8) 

49 

1501 

to 

2100 

4 

(15.6) 

100 

(71.8) 

111 

(142.1) 

23 

(8.6) 

238 

2101 

to 

0300 

8 

(18.6) 

66 

(85.6) 

210 

(169.5) 

0 

(10.2) 

284 

TOTALS 

42 

193 

382 

23 

« 

640 

Expected  values  in  brackets 

Total  chi-square  234.2  Degrees  of  Freedom  =  9 

X2  (.05)  =  16.92 


the  range  of  velocity  settings  implemented  at  the  ladder 
were  not  independent  of  time  of  day  (P<.05). 


. 

la 
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(A) 


LENGTH  Cm) 


(B) 


400  460  600  660  800  660  700 

LENGTH  (m) 


(C) 


Fig.  B . 1  Plot  of  raw  length  scores  vs  equivalent  probit 
scores  for  Silver  Creek  sucker  (A),  Gwynne  culvert  pike  (B), 
and  Steele  Lake  pike  (C). 


Appendix  C 


The  following  tables  and  figures  provide  a  summary  of 
procedure  schedules  and  results  for  the  various  study 
sites.  Each  is  discussed  or  referred  to  in  the  body  of  the 
text . 
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Table  C.1  A  list  of 


fish  destructively 


sampled  at 


Dr iedmeat 


Lake . 


SPECIES 

DATE  &  (LOCATION) 

WEIGHT 

(9) 

LENGTH 

(mm) 

SEX 

SCALE  i 

P 

12-05-82- ( 1 ) 

210 

300 

21 

2 

P 

12-05-82-(l) 

280 

337 

12 

3 

P 

12-05-82-(l) 

400 

378 

24 

3 

P 

07-05082-(4) 

600 

485 

24 

4 

P 

08-05-82-(4) 

490 

430 

14 

4 

P 

12-05-82- ( 1 ) 

480 

405 

24 

3 

P 

01-05-82-(2 

160 

390 

21 

2 

P 

12-05-82- ( 1 ) 

450 

380 

24 

4 

P 

07-05-82-(l) 

780 

520 

12 

6 

S 

13-05-82- ( 1 ) 

630 

334 

25 

3 

s 

12-05-82- ( 1 ) 

420 

323 

14 

3 

s 

13-05082-(l) 

- 

444 

24 

3 

s 

07-05-82-(l) 

820 

384 

25 

3 

s 

07-05-82-(l) 

1180 

432 

11 

5 

s 

07-05-82-(3) 

1130 

420 

25 

4 

s 

08-05-82— ( 1 ) 

1350 

440 

24 

4 

s 

08-05-82-(l) 

1040 

411 

14 

5 

s 

12-05-82- ( 1 ) 

640 

348 

24 

2 

s 

09-05-82-(3) 

900 

435 

21 

4 

Table  C.2  A  list  of  fish  destructively  sampled  at  Steele 
Lake . 


SPECIES 

SET  # 

WEIGHT 

LENGTH 

SEX 

CLEITHRA 

SCALE 

(9) 

(mm) 

AGE 

AGE 

P 

13 

610 

465 

14 

3 

4 

P 

10 

540 

445 

11 

. 

4 

P 

2 

520 

445 

14 

2 

3 

P 

12 

730 

515 

24 

4 

4 

P 

13 

590 

470 

14 

. 

4 

P 

24 

570 

470 

14 

3 

4 

P 

21 

640 

490 

14 

5 

4 

P 

13 

600 

470 

24 

3 

4 

P 

19 

650 

515 

14 

7 

4 

P 

13 

830 

520 

14 

6 

5 

P 

20 

960 

550 

24 

4 

5 

P 

19 

950 

530 

24 

4 

5 

P 

16 

660 

490 

14 

3 

4 

P 

13 

580 

460 

14 

3 

4 

P 

12 

950 

555 

14 

6 

5 

P 

18 

380 

430 

24 

3 

4 

P 

10 

1200 

558 

14 

6 

4 

P 

10 

1440 

590 

11 

6 

5 

P 

12 

1130 

570 

11 

7 

5 

P 

17 

600 

465 

14 

3 

4 

P 

24 

770 

510 

24 

5 

4 

P 

39 

620 

530 

14 

5 

5 

P 

25 

980 

560 

14 

5 

4 

P 

19 

1500 

550 

11 

5 

4 

P 

24 

620 

475 

24 

3 

4 

P 

36 

780 

500 

14 

5 

4 

P 

36 

1230 

610 

24 

6 

6 

P 

30 

820 

505 

11 

3 

4 

P 

29 

1070 

540 

14 

5 

5 

P 

28 

780 

515 

14 

5 

5 

S 

5 

560 

350 

25 

- 

3 

s 

15 

1750 

540 

25 

- 

5 

s 

27 

1280 

495 

25 

- 

3 

s 

29 

730 

375 

11 

- 

4 

s 

37 

750 

380 

11 

- 

4 

■< 


-  : 
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Table  C.3  Schedule  of  operation  of  the  fyke  net  at  Driedmeat 


Lake 


DATE  TIME  RESULTS 


18-04-82 

1800 

19-04-82 

0730 

19-04-82 

1800 

20-04-82 

0830 

20-04-82 

1800 

21-04-82 

0700 

22-04-82 

0800 

22-04-82 

1800 

23-04-82 

0830 

23-04-82 

0900 

fyke  net  installed 
net  empty 
net  empty 
net  empty 
net  empty 

2  pike  (tag  #s:  101,  102 

1  w.  sucker  960  mm  length) 

net  empty 

net  empty 

net  empty 

fyke  removed 


Table  C.4  Schedule  of  operation  of  the  ladder  trap  at 
Driedmeat  Lake. 

DATE  TIME  RESULTS 


17-04-82 

600 

18-04-82 

0700 

18-04-82 

1400 

19-04-82 

20-04-82 

0800 

20-04-82 

1400 

20-04-82 

2000 

21-04-82 

0800 

21-04-82 

1400 

21-04-82 

2000 

22-04-82 

0830 

23-04-82 

ladder  trap  installed 

trap  empty 

trap  empty 

trap  out  for  repair 

trap  empty 

trap  empty 

trap  empty 

trap  empty 

trap  empty 

trap  empty 

trap  empty 

trap  removed 


. 
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Table  C.5  Schedule  of  seine  hauls  conducted  downstream  of 
the  Driedmeat  fishladder. 


DATE 

LOCATION  &  NO. 

OF  HAULS 

CATCH 

21-04-82 

A- 2 

empty 

22-04-82 

A-2 

empty 

23-04-82 

A-2 

empty 

24-04-82 

A-2 

empty 

25-04-82 

C-2 

empty 

26-04-82 

B-3 

1  pike 

26-04-82 

B-3 

1  pike 

27-04-82 

B-3 

empty 

28-04-82 

B-l 

2  pike 

28-04-82 

B-l 

1  pike 

28-04-82 

B-l 

1  pike 

29-04-82 

B-2 

1  pike 

30-04-82 

B-2 

3  pike 

30-04-82 

C-2 

5  pike 

30-04-82 

0-2 

5  pike 

30-04-82 

C-2 

7  pike 

01-05-82 

C-2 

7  pike 

01-05-82 

0-2 

3  pike 

01-05-82 

C-2 

1  pike 

02-05-82 

C-l 

2  pike 

02-05-82 

B-l 

1  pike 

02-05-82 

C-l 

1  pi  ke 

02-05-82 

B-2 

5  pike 

04-05-82 

C-l 

empty 

04-05-82 

0-1 

empty 

04-05-82 

C-l 

empty 

04-05-82 

C-l 

empty 

04-05-82 

C-l 

empty 

04-05-82 

B-l 

empty 

13-05-82 

C-l 

1  pike 

Total  fish 

captured  *  48 

Table  C.6  Summary  of  results  for  the  chute  fence. 


Date 


#  Caught 


Mean 

Length  (mm) 


Length 
range  (mm) 


11- 05-82 

12- 04-82 

13- 05-82 

14- 05-82 


6 

10 

3 


407.5 

362.0 

375.0 


385-420 

300-414 

350-425 
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Table  C.7  Geodetic  water  levels  recorded  upstream  and 
downstream  of  the  Driedmeat  Stabilization  weir. 


DATE 


UPSTREAM  DOWNSTREAM 

LEVEL  (m)  LEVEL  (m) 


20-04-82 

684.454 

683.780 

21-04-82 

684.546 

683.768 

22-04-82 

684.550 

683.810 

23-04-82 

684.858 

684.430 

24-04-82 

685.029 

684.783 

25-04-82 

685.213 

684.993 

26-04-82 

685.408 

685.253 

27-04-82 

685.467 

685.320 

28-04-82 

685.516 

685.413 

29-04-82 

Staff  Gauges  out 

30-04-82 

Staff  Gauges  out 

01-05-82 

Staff  gauges  out 

02-05-82 

685.975 

685.975 

03-05-82 

686.040 

686.053 

04-05-82 

686.100 

686.100 

05-05-82 

686.140 

686.140 

06-05-82 

686.130 

686.130 

07-05-82 

686.096 

686.090 

08-05-82 

686.074 

686.065 

09-05-82 

686.016 

686.008 

10-05-82 

685.982 

686.980 

11-06-82 

685.900 

685.885 

12-05-82 

685.878 

685.860 

13-05-82 

685.798 

685.780 

Note:  The  top  elevation  of  the  stabilization  weir  is  684.756  m 
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Table  C.8  Schedule  of  operations  at  Silver  Creek. 


SET  #  WIDTH  OF  #  VELOCITIES  (m/s) 

CHUTE  (cm)  CAPTURED  ABC 


TIME  &  DATE 


*1 

40 

7 

0.5 

1.0 

1.2 

1830-04-05-82 

*2 

35 

26 

0.8 

1.3 

1.5 

2050-05-05-82 

*3 

35 

9 

0.8 

1.3 

1.5 

1030-06-05-82 

*4 

23 

9 

1.0 

1.8 

1.8 

2100-06-05-82 

*5 

60 

23 

0.7 

0.7 

0.7 

1030-07-05-82 

*6 

30 

14 

0.6 

1.0 

1.0 

2200-07-05-82 

*7 

30 

1 

0.6 

1.0 

1.0 

1300-08-05-82 

**8 

30 

3 

0.7 

0.9 

1.5 

2100-08-05-82 

★*g 

30 

4 

0.8 

1.1 

1.2 

1200-09-05-82 

**10 

30 

1 

0.8 

1.4 

1.4 

2015-09-05-82 

**11 

46 

1 

0.8 

1.0 

1.2 

1130-10-05-82 

**12 

15 

5 

0.7 

0.8 

1.0 

1115-11-05-82 

operations  terminated 


Note:  *  =  61  cm  chute 

**  =  2.5  m  chute 


Table  C.9  Physical/chemical  data  for  Silver  Creek. 


Date  Temperature 

(°C) 


Conductance  Dissolved  Oxygen 

(umhos/cm)  (mg/L) 


03-05-82 

13 

405 

16.0 

04-05-82 

8.8 

395 

16.0 

05-05-82 

5.5 

395 

15.5 

06-05-82 

5.0 

400 

16.0 

07-05-82 

6.2 

540 

16.8 

08-05-82 

9.0 

550 

15.0 

09-05-82 

7.3 

550 

13.6  . 

10-05-82 

8.0 

500 

11.6 

11-05-82 

11.2 

620 

10.6 

• 

X 


, 
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Table  C.10  Schedule  of  operations  at  the  Gwynne  washout. 


OBSERVATION 

PERIOD 

DATE 

ZONE 

MEAN  VELOCITY 
CRITICAL  ZONE 

1 

30-04-82 

A 

1.6 

B 

2.1 

C 

2.4 

D 

1.9 

2 

01-05-82 

A 

1.5 

B 

2.1 

C 

2.1 

D 

1.5 

3 

02-05-82 

A 

1.5 

B 

2.1 

C 

2.1 

D 

1.5 

Table  C. 1 1  Observations  on  fish  movement  at  the  Gwynne 
washout . 

OBSERVATION  ZONE  SPECIES  #  SUCCESSFUL  #  FAILED  SIZE  RANGE  (cm) 
PERIOD 


1  A  P 

S 

B  P 

S 

C  P 

s 

D  P 

S 


3 

20 

7 

3 

2 


2  A  P 

S 

B  P 

S 

C  P 

s 

D  P 

S 


5 

2 


2 

15 


(30-35) 

(40-50) 

(30-35) 


1 

1 


(30-35) 

(35-45) 

(30-35) 


1  (30-45) 

1  (30-45) 


3  A  P 

S 

B  P 

S 

C  P 

S 

D  P 

S 


(35-45) 


r 


r- 
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Table 

C.12  Schedule  of  sets  at  Gwynne  culvert. 

SET  # 

DATE 

UPSTREAM 

DOWNSTREAM 

WATER  LEVEL  IN 

VELOCITY  (m/s) 

VELOCITY  (m/s) 

CULVERT  (m) 

1 

2100-06-05-82 

1.3 

0.8 

0.430 

2 

0930-07-05-82 

1.2 

0.7 

0.410 

3 

2100-07-05-82 

0.9 

0.5 

0.380 

4 

1500-08-05-82 

0.6 

0.3 

0.280 

5 

2110-08-05-82 

0.4 

0.2 

0.260 

Table 

C.13  Results  of  the 

Gwynne  culvert 

sets . 

SET  # 

SPECIES 

#  CAPTURED 

LENGTH  RANGE  (cm) 

MEAN  SIZE  (cm 

1 

p 

9 

40-51 

44 

2 

p 

18 

39-46 

42 

3 

p 

7 

38-44 

41 

4 

p 

11 

40-44 

42 

5 

p 

1 

42 

42 

f 


\ 

m 
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Table  C.14  Schedule  of  seining  operations,  Steele  Lake  site. 


DATE  LOCATION  &  CATCH 


#  OF  HAULS 

SPECIES 

SEX 

LENGTH  (mm) 

TAG  # 

19-05-82 

A  -  1 

19-05-82 

B  -  2 

- 

- 

- 

- 

21-05-82 

B  -  2 

• 

• 

- 

- 

23-05-82 

B  -  2 

- 

-  - 

- 

23-05-82 

B  -  3 

P 

14 

550 

B001032 

P 

14 

490 

B001030 

P 

34 

565 

B001033 

P 

34 

440 

B001035 

P 

14 

460 

B001034 

Pr 

? 

235 

B001037 

24-05-82 

B  -  2 

P 

34 

445 

B001072 

P 

34 

550 

B001067 

B  -  3 

- 

- 

- 

- 

(6  pike  &  2  w. 

sucker  observed) 

P  =  pike 

Pr  =  perch  (Perea  flavescens) 

Sex  =  defined  in  Appendix  A 

Table  C.15  Summary  of  discharge  estimates  for  the  Steele 
Lake  stabilization  weir  and  fishladder. 


Set  #  Discharge  Over  Discharge  Through 

Weir  (m^/s)  Fishladder  (m^/s) 


11 

0.79 

0.44 

12 

0.52 

0.54 

13 

0.75 

0.59 

14 

0.46 

0.29 

17 

0.47 

0.32 

19 

0.83 

0.17 

21 

0.84 

0.63 

23 

0.70 

0.30 

24 

0.52 

0.25 

26 

0.55 

0.39 

28 

0.31 

0.20 

29 

0.44 

0.45 

31 

0.55 

0.18 

32 

0.63 

0.55 

33 

0.34 

0.12 

34 

0.22 

0.39 

35 

0.52 

0.49 

36 

0.34 

0.44 

37 

0.51 

0.18 

38 

0.48 

0.04 

39 

0.48 

0.04 

40 

0.48 

0.48 

41 

0.55 

0.26 

42 

0.44 

0.46 

43 

0.41 

0.14 

44 

0.40 

0.18 

45 

0.48 

0.25 

46 

0.37 

0.42 

47 

0.34 

0.70 

■ 
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Table  C.16  Schedule  of  manipulations  on  the  Steele  Lake  step 
&  pool  fishladder. 


TIME  4  DATE 

SET  # 

MAN.  # 

MEAN 

NAPPE 

VELOCITY 

(M/S) 

LENGTH  OF 
SET  (hrs) 

MEAN 

WEIR 

HEAD 

(mm) 

NUMBER  OF 
FISH  CAPTURED 

2215-14-0582 

1 

1 

2.61 

1.5 

187 

97 

1230-15-05-82 

2 

2 

2.61 

1.5 

187 

30 

1510-15-05-82 

3 

3 

3.02 

1.5 

250 

23 

1810-15-05-82 

4 

1 

2.37 

1.2 

150 

52 

2110-15-05-82 

5 

2 

2.70 

1.3 

200 

71 

1600-16-05-82 

6 

1 

2.41 

1.2 

156 

31 

2000-16-05-82 

7 

3 

2.65 

2.5 

192 

65 

2230-16-05-82 

8 

2 

2.66 

1.5 

195 

28 

0950-17-05-82 

9 

3 

3.09 

1.0 

260 

0 

1630-17-05-82 

10 

4 

2.35 

2.5 

146 

20 

2215-17-05-82 

11 

5 

2.52 

2.0 

173 

17 

1240-18-05-82 

12 

6 

2.58 

5.0 

181 

7 

1700-18-05-82 

13 

7 

2.63 

5.0 

190 

40 

2340-18-05-82 

14 

4 

2.34 

5.0 

144 

18 

0415-19-05-82 

15 

5 

2.35 

5.0 

146 

8 

0930-19-05-82 

16 

5 

2.35 

5.0 

146 

5 

1515-19-05-82 

17 

4 

2.32 

5.0 

141 

1 

2100-19-05-82 

18 

5 

2.35 

5.8 

146 

14 

0220-20-05-82 

19 

8 

2.40 

5.0 

155 

18 

0850-20-05-82 

20 

8 

2.40 

6.2 

155 

14 

1410-20-05-82 

21 

7 

2.63 

2.6 

190 

2 

1700-20-05-82 

22 

6 

2.48 

3.0 

167 

C 

2200-20-05-82 

23 

5 

2.37 

5.0 

150 

4 

0300-21-05-82 

24 

4 

2.21 

5.0 

125 

9 

0800-21-05-82 

25 

5 

2.74 

5.0 

206 

3 

0115-22-05-82 

26 

7 

2.40 

5.0 

155 

11 

0700-22-05-82 

27 

6 

2.62 

5.0 

173 

15 

1230-22-05-82 

28 

5 

2.21 

5.0 

125 

1 

1620-22-05-82 

29 

7 

2.57 

3.4 

180 

17 

2330-22-05-82 

30 

8 

2.34 

5.0 

145 

25 

0530-23-05-82 

31 

4 

2.11 

5.0 

110 

7 

1100-23-05-82 

32 

7 

2.44 

5.0 

160 

0 

1620-23-05-82 

33 

8 

2.16 

5.0 

117 

4 

2145-23-03-82 

34 

6 

2.52 

5.0 

172 

6 

0300-24-05-82 

35 

7 

2.58 

5.0 

182 

24 

0930-24-05-82 

36 

6 

2.38 

5.0 

151 

1 

1530-24-05-82 

37 

4 

2.30 

5.0 

138 

8 

2100-24-05-82 

38 

9 

- 

5.0 

80 

2 

2300-24-05-82 

39 

9 

- 

2.0 

80 

4 

0715-25-05-82 

40 

9 

- 

7.0 

80 

2 

1430-25-05-82 

41 

4 

2.31 

7.0 

140 

2 

2020-25-05-82 

42 

7 

2.49 

5.4 

168 

6 

0205-26-05-82 

43 

8 

2.13 

5.0 

112 

15 

0745-26-05-82 

44 

5 

2.22 

5.0 

126 

2 

1000-26-05-82 

45 

1 

2.55 

1.5 

177 

0 

1140-26-05-82 

46 

2 

2.54 

1.5 

175 

0 

1545-26-05-82 

47 

3 

2.78 

4.0 

213 

1 

0200-27-05-82 

48 

10 

2.15 

4.0 

115 

18 

. 
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Table  C.17  Physical/chemical  data  recorded  upstream  of  the 


Driedmeat  stabilization  weir. 


DATE 

TEMP 

(celcius) 

CONDUCTANCE 
(ji  mhos/cm) 

DISSOLVED  OXYGEN 
(mg/L) 

16-14-82 

1.0 

340 

2.2 

17-04-82 

1.0 

350 

2.6 

18-04-82 

1.5 

250 

3.6 

19-04-82  (A.M.) 

1.0 

240 

3.6 

19-04-82  (P.M.) 

3.0 

255 

3.8 

20-04-82  (A.M.) 

2.0 

200 

4.1 

20-04-82  (P.M.) 

4.5 

250 

4.2 

21-04-82  (A.M.) 

3.0 

240 

3.9 

21-04-82  (P.M.) 

5.0 

230 

4.3 

22-04-82  (A.M.) 

3.0 

280 

6.8 

23-04-82  (A.M.) 

2.0 

345 

- 

23-04-82  (P.M.) 

1.0 

300 

10.0 

24-04-82  (A.M.) 

0.0 

320 

12.2 

24-04-82  (P.M.) 

0.5 

320 

12.0 

24-04-82  (A.M.) 

0.0 

320 

'  8.8 

25-04-82  (P.M.) 

1.5 

320 

11.0 

26-04-82  (A.M.) 

0.5 

270 

11.4 

26-04-82  (P.M.) 

2.5 

295 

13.0 

27-04-82  (A.M.) 

1.0 

250 

10.0 

27-04-82  (P.M.) 

3.5 

250 

- 

28-04-82  (A.M.) 

1.5 

225 

- 

28-04-82  (P.M.) 

3.0 

220 

- 

29-04-82  (A.M.) 

0.5 

195 

- 

29-04-82  (P.M.) 

5.0 

220 

13.2 

30-04-82  (A.M.) 

3.0 

200 

11.2 

30-04-82  (P.M.) 

6.0 

210 

9.4 

01-05-82  (A.M.) 

4.0 

200 

9.8 

02-05-82  (A.M.) 

4.5 

195 

9.5 

02-05-82  (P.M.) 

7.2 

200 

9.6 

03-05-82  (A.M.) 

5.0 

200 

9.8 

03-05-82  (P.M.) 

5.7 

200 

10.4 

04-05-82  (A.M.) 

5.5 

200 

12.2 

04-05-82  (P.M.) 

5.5 

210 

12.5 

05-05-82  (A.M.) 

4.0 

205 

13.8 

05-05-82  (P.M.) 

4.3 

200 

14.8 

06-05-82  (A.M.) 

3.2 

190 

14.0 

06-05-82  (P.M.) 

5.0 

185 

14.8 

07-05-82  (P.M.) 

6.0 

200 

14.2 

08-05-82  (A.M.) 

5.2 

210 

12.4 

08-05-82  (P.M.) 

6.5 

225 

12.2 

09-05-82  (A.M.) 

6.0 

220 

11.6 

09-05-82  (P.M.) 

8.0 

225 

11.8 

10-05-82  (A.M.) 

6.5 

225 

9.2 

10-05-82  (P.M.) 

10.5 

235 

12.2 

11-05-82  (A.M.) 

8.2 

235 

9.9 

11-05-82  (P.M.) 

10.0 

230 

12.2 

12-05-82  (A.M.) 

9.3 

250 

11.6 

12-05-82  (P.M.) 

11.0 

250 

13.8 

13-05-82  (A.M.) 

9.5 

250 

11.8 

14-05-82  (A.M.) 

11.1 

250 

14.4 
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Table  C.18  Physical/chemical  data  recorded  downstream  of  the 
Driedmeat  stabiziation  weir. 

DATE  TEMP.  CONDUCTANCE  DISSOLVED  OXYGEN 

(celcius)  (nmhos/cm)  (mg/L) 


17-04-82 

1.5 

340 

3.1 

18-04-82 

1.5 

245 

3.9 

19-04-82  (A.M.) 

1.0 

235 

4.0 

19-04-82  (P.M.) 

3.0 

260 

4.0 

20-04-82  (A.M.) 

2.0 

230 

4.1 

20-04-82  (P.M.) 

4.5 

240 

4.5 

21-04-82  (A.M.) 

3.0 

245 

4.5 

21-04-82  (P.M.) 

5.0 

230 

4.7 

22-04-82  (A.M.) 

3.0 

290 

7.2 

23-04-82  (A.M.) 

1.5 

345 

8.1 

23-04-82  (P.M.) 

1.0 

335 

11.1 

24-04-82  (A.M.) 

0.0 

340 

13.2 

24-04-82  (P.M.) 

1.0 

340 

13.6 

25-04-82  (A.M.) 

0.0 

340 

12.4 

25-04-82  (P.M.) 

1.0 

280 

12.5 

26-04-82  (A.M.) 

0.5 

300 

8.3 

26-04-82  (P.M.) 

2.0 

305 

10.3 

27-04-82  (A.M.) 

a.  5 

250 

10.5 

27-04-82  (P.M.) 

2.5 

225 

- 

28-04-82  (A.M.) 

0.0 

205 

- 

28-04-82  (P.M.) 

1.5 

215 

« 

29-04-82  (A.M.) 

0.0 

195 

- 

29-04-82  (P.M.) 

3.0 

200 

11.4 

30-04-82  (A.M.) 

3.0 

200 

11.4 

30-04-82  (P.M.) 

6.0 

210 

9.4 

01-05-82  (A.M.) 

2.5 

190 

9.4 

02-05-82  (A.M.) 

3.5 

190 

9.0 

02-05-82  (P.M.) 

7.7 

210 

7.4 

03-05-82  (A.M.) 

5.0 

195 

10.0 

03-05-82  (P.M.) 

6.0 

200 

11.2 

04-05-82  (A.M.) 

5.0 

200 

10.5 

04-05-82  (P.M.) 

5.5 

215 

12.5 

05-05-82  (A.M.) 

3.5 

195 

14.0 

05-05-82  (P.M.) 

3.0 

195 

14.2 

06-05-82  (A.M.) 

3.0 

195 

14.6 

06-05-82  (P.M.) 

4.5 

185 

14.8 

07-05-82  (P.M.) 

6.0 

200 

14.0 

08-05-82  (A.M.) 

4.8 

210 

12.1 

08-05-82  (P.M.) 

6.0 

220 

12.5 

09-05-82  (A.M.) 

5.0 

220 

12.0 

09-05-82  (P.M.) 

7.5 

220 

11.4 

10-05-82  (A.M.) 

6.1 

225 

9.5 

10-05-82  (P.M.) 

9.2 

240 

10.5 

11-05-82  (A.M.) 

8.3 

235 

10.4 

11-05-82  (P.M.) 

12.0 

250 

12.5 

12-05-82  (A.M.) 

9.5 

255 

11.2 

12-05-82  (P.M.) 

12.0 

260 

13.4 

13-05-82  (A.M.) 

9.0 

250 

11.2 

14-05-82  (A.M.) 

9.1 

250 

12.2 

. 
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Table  C.19  Physical/chemical  data  recorded  at  Steele  Lake, 
upstream  of  the  weir. 

date  temp.  conductance  dissolved  oxygen 

(celcius)  (n mhos/cm)  (mg/L ) 


14-05-82 

(P.M.) 

11.2 

185 

12.6 

15-05-82 

(P.M.) 

12.0 

190 

11.8 

16-05-82 

(P.M.) 

12.0 

195 

11.2 

17-05-82 

( A.M. ) 

10.0 

190 

11.6 

18-05-82 

(A.M.) 

12.7 

190 

11.2 

18-05-82 

(P.M.) 

12.6 

190 

10.6 

19-05-82 

(A.M.) 

12.0 

185 

13.2 

19-05-82 

(P.M.) 

15.0 

200 

13.8 

‘  20-05-82 

(A.M.) 

13.0 

195 

12.2 

20-05-82 

(P.M.) 

16.0 

210 

11.4 

21-05-82 

(A.M.) 

14.0 

200 

9.8 

21-05-82 

(P.M.) 

16.2 

210 

11.4 

22-05-82 

(A.M.) 

14.0 

200 

10.0 

22-05-82 

(P.M.) 

15.2 

210 

10.2 

23-05-82 

(A.M.) 

14.6 

200 

9.2 

23-05-82 

(P.M.) 

15.5 

200 

10.2 

24-05-82 

(A.M.) 

16.2 

210 

10.7 

25-05-82 

(A.M.) 

14.0 

205 

9.4 

25-05-82 

(P.M.) 

13.5 

200 

10.0 

26-05-82 

(A.M.) 

13.5 

195 

9.3 

26-05-82 

(P.M.) 

14.5 

195 

14.5 

Table. C.20 

Physical/chemical 

data  recorded 

at  Steele  Lake 

downstream 

of  the 

weir . 

DATE 

TEMP. 

(celcius) 

CONDUCTANCE 

(nmhos/cm) 

DISSOLVED  OXYGEN 
(mg/L)' 

14-05-82 

(P.M.) 

11.2 

190 

11.8 

15-05-82 

(P.M.) 

12.3 

180 

12.6 

16-05-82 

(P.M.) 

12.0 

195 

12.4 

17-05-82 

(A.M.) 

10.5 

190 

11.4 

18-05-82 

(A.M.) 

12.2 

195 

11.0 

18-05-82 

(P.M.) 

12.0 

200 

10.4 

19-05-82 

(A.M.) 

11.5 

190 

13.0 

19-05-82 

(P.M.) 

14.1 

200 

12.8 

20-05-82 

(A.M.) 

12.6 

190 

11.6 

20-05-82 

(P.M.) 

15.0 

200 

11.2 

21-05-82 

(A.M.) 

13.5 

200 

10.4 

21-05-82 

(P.M.) 

16.0 

215 

11.4 

22-05-82 

(A.M.) 

13.7 

207 

10.1 

22-05-82 

(P.M.) 

15.0 

210 

10.2 

23-05-82 

(A.M.) 

14.0 

200 

9.8 

23-05-82 

(P.M.) 

15.2 

205 

10.8 

24-05-82 

(P.M.) 

15.7 

210 

10.6 

25-05-82 

(A.M.) 

14.0 

200 

9.2 

25-05-82 

(P.M.) 

14.0 

200 

9.8 

26-05-82 

(A.M.) 

14.0 

190 

10.0 

26-05-82 

(P.M.) 

14.0 

200 

9.0 

m 
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Table  C.21  Tag  returns  for  Driedmeat  Lake 


Tag  # 

Loc.  Released 

Date 

Loc.  Caught 

Date 

10275 

Driedmeat  Weir 

10-05-82 

Edberg 

Bridge 

05-07-82 

10376 

Driedmeat  Weir 

13-05-82 

Edberg 

Bridge 

05-08-82 

10346 

Driedmeat  Weir 

12-05-82 

West  end  of  Lake 

10-06-82 

1054 

Dri edmentWei r 

30-04-82 

Lake  @ 

Gravel  Rd. 

29-05-82 

10187 

Gwynn  Cul vert 

07-05-82 

d/s  of 

Coal  Lake 

26-05-82 

10224 

Driedmeat  Weir 

09-05-82 

d/s  of 

Coal  Lake 

02-06-82 

10156 

Gwynn  Culvert 

06-05-82 

d/s  of 

Coal  Lake 

22-05-82 

10151 

Gwynn  Culvert 

06-05-82 

d/s  of 

Coal  Lake 

13-05-82 

10114 

Driedmeat  Weir 

04-05-82 

Driedmeat  Lake 

13-06-82 

•  r-cO-OI 


Table  C.22  Tag  returns*  for  Steele  Lake. 


Tag  # 

Loc 

Released 

Date 

Loc.  Caught 

Date 

10538 

U/S 

of 

Ladder 

15-05-82 

Steele 

Lake 

03-09-82 

10723 

U/S 

of 

Ladder 

16-05-82 

Steele 

Lake 

04-09-82 

10633 

U/S 

of 

Ladder 

15-05-82 

Steel e 

Lake 

30-06-82 

10740 

U/S 

of 

Ladder 

16-05-82 

Steele 

Lake 

19-08-82 

10778 

U/S 

of 

Ladder 

16-05-82 

Steele 

Lake 

10-07-82 

10747 

U/S 

of 

Ladder 

16-05-82 

Steele 

Lake 

22-08-82 

10655 

U/S 

of 

Ladder 

15-05-82 

Steele 

Lake 

17-08-82 

10906 

U/S 

of 

Ladder 

20-05-82 

Steele 

Lake 

28-07-82 

10578 

U/S 

of 

Ladder 

15-05-82 

Steele 

Lake 

12-07-82 

10606 

U/S 

of 

Ladder 

15-05-82 

Steele 

Lake 

11-07-82 

10902 

U/S 

of 

Ladder 

20-05-82 

Steele 

Lake 

08-07-82 

10627 

U/S 

of 

Ladder 

15-05-82 

Steele 

Lake 

08-07-82 

10966 

U/S 

of 

Ladder 

14-05-82 

Steele 

Lake 

30-05-82 

10612 

U/S 

of 

Ladder 

15-05-82 

Steele 

Lake 

19-06-82 

10683 

U/S 

of 

Ladder 

16-05-82 

Steele 

Lake 

28-06-82 

10874 

U/S 

of 

Ladder 

18-05-82 

Steele 

Lake 

24-06-82 

10984 

U/S 

of 

Ladder 

14-05-82 

Steele 

Lake 

03-06-82 

10859 

U/S 

of 

Ladder 

17-05-82 

Steele 

Lake 

22-05-82 

10881 

U/S 

of 

Ladder 

18-05-82 

Steele 

Lake 

12-06-82 

101100 

U/S 

of 

Ladder 

26-05-82 

Steele 

Lake 

01-06-82 

10451 

U/S 

of 

Ladder 

14-05-82 

Steele 

Lake  , 

13-06-82 

10858 

U/S 

of 

Ladder 

17-05-82 

Steele 

Lake 

14-06-82 

10454 

U/S 

of 

Ladder 

14-05-82 

NE14-62 

'-1-W5 

18-06-82 

(Pembina  River) 
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Table  C.23  Hydraulic  data  used  in  establishing  regression 
equations  (8)  and  (9)  for  head  level  and  velocity. 


A  list  of  the  lead  and  velocity  data  used  to 
establish  equation  (8). 

HEAD  OVER  *VEL0CITY  AT  THE 

WEIR  (mm)  BOTTOM  OF  THE 

NAPPE  (m/s) 


250 

2.93 

250 

3.14 

250 

2.93 

250 

3.14 

155 

2.26 

160 

2.47 

140 

2.  26 

145 

2.35 

190 

2.47 

195 

2.68 

195 

2.53 

230 

2.68 

195 

2.86 

190 

2.77 

190 

2.77 

190 

2.83 

A  list  of  the  head  and  velocity  data  used  to  establish 
equation  (9). 

HEAD  OVER  ‘VELOCITY  ACROSS 

WEIR  (mm)  THE  TOP  OF  THE 

WEIR  (m/s) 


160 

1.25 

155 

1.28 

150 

1.22 

165 

1.34 

155 

1.37 

165 

1.37 

180 

1.34 

150 

1.31 

160 

1.25 

145 

1.31 

145 

1.37 

135 

1.10 

130 

1.19 

80 

1.00 

250 

1.52 

200 

1.46 

150 

1.34 

125 

1.16 

100 

1.07 

*  Note:  (1)  Velocities  taken  using  the  Price  model  "A"  current 
meter  at  0.5  head  depth. 

(2)  The  relationship  does  not  include  the  top  two  weirs 
of  the  ladder. 
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Fig.  C.1  Velocity  profiles  of  manipulation  #1,  set  #45 
(right);  manipulation  #2,  set  #46  (left). 


^Theoretical  critical  nappe  velocity. 
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Fig.  C . 2  Velocity  profiles  of  manipulation  #3,  set  #47 
(right);  manipulation  #4,  set  #17  (left). 


Note:  Velocities  above  (in  m/s)  correspond  with  flow  diagram  below, 
theoretical  critical  nappe  velocity. 
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Fig.  C . 3  Velocity  profiles  of  manipulation  #5, 
(right);  manipulation  #6  set  #22  (left). 
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Fig.  C.4  Velocity  profiles  of  manipulation  #7,  set  #21 
(right);  manipulation  #8,  set  #19  (left). 


Note:  Velocities  above  (in  m/s)  correspond  with  flow  diagram  below, 
theoretical  critical  nappe  velocity. 
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